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INTRODUCTION 
Epidemiology deals with the factors that affect the number of parasites 
both within the host and the free living state. It may also be defined as the 
study of the distribution and determinants of disease prevalent in man and animals. 
The literal meaning of epidemiology is elucidation of facts about the disease 
which are essential to its control in a particular region or country. 
The definition, ///volves two main areas : 
1. Study of the distribution of disease m animal population which is specially 
called descriptive epidemiology. 
2. A search for underlined causes of disease prevalence and this is called 
analytic epidemiology. The purpose of the later is to unfold the source and 
mode of spread of disease. The chief objective of epidemiology is to fmd 
ways and means to control the spread of disease culminating to its complete 
eradication. 
Although ancient in linage, epidemiology till nineteen forties was confined 
to the study of human infectious diseases such as cholera, small pox and typhoid 
fever etc. The scope of epidemiology since 1940 onwar^ls has been extended 
to the understanding of non-communicable diseases both in man and animals, 
specially of veterinary interest. 
As mentioned above epidemiology is concerned in the first place to uncover 
tlic causes of the disease and in llic second to find ihc b^sl ways lo counteract 
these causes that lead to the prevention and cure. As such an epidemiologist 
must investigate the following factors : 
1. When did the disease occur (time distribution) ? 
2. Where did the disease.occur (place distribution) ? 
3. Who were the people/animals affected (people/animal distribution) ? 
4. Why should the disease appear (people/animal distribution) ? 
5. What should be done to control the disease (preventive and social 
measures ) ? 
The first enquiry, time distribution means "the time interval between first 
and last case." When maximum number of cases occur, it is called the peak of 
epidemic. Time distribution may be short or extended over a period of several 
years is called "secular trend" e.g. a particular disease may exhibit a downward 
secular trend whereas others may show upward trend. There are diseases that 
discern maximum number of cases during a particular season of the year and 
decline with the onset of another season. Such a characteristic of disease is 
referred to as "seasonal trend". When a disease exhibits fluctuations over a 
short period of time the trend is called "cyclic trend" By investigating accurate 
distribution trends, one can make useful planning for future in order to take 
action for the prevention and control of the disease. 
Place distribution i.e. the second enquiry as to where the disease occur 
relates to the place of disease distribution. By a study of geographic distribution 
of disease we can highlight : 
1. Prevalence of disease in various regions of the globe, 
2. Variation in disease prevalence within the same countiy, 
3. Comparison between urban-iural picvalencc of disease and 
4. Local distribution of disease. 
The third enquiry i.e. animal distribution involves the species of animals 
affected. An epidemiologist records the relationship between the disease and 
population characteristics such as age, sex, habitat etc.. Study of age incidence 
exhibits that the frequency of degenerating disease increases progressively with 
age. Similarly sex of species may show variation in the susceptibility to a 
particular disease. 
The fourth question investigated by an epidemiologist is the determinantes 
of disease i.e. causes of problems of etiology. The factors of disease may be 
single or multiple that bring the disease into existence. These factors are considered 
in terms of the agents, host and environment. These three factors usually called 
as "epidemiology triad." 
The last enquiry of an epidemiologist is "What mcfasures should be taken 
to prevent the disease" ? In other words the epidemiologist, deals with the 
problems and the factors which brought the disease into existence. The medical 
or veterinary and health administrators use such informs^tions in eradicating the 
disease from the human or animal species. 
Ill late forties the concept of epidemiology ofliclmibtlis in riiiniiinnts wns 
first studied by an Auslrnlinn velcriiinrinii GORDON (1948-49) . in case of 
riMiiinanls and other doniuslic animals it may bo more dosirablc (o ihini^ over 
epidemiology in terms of population dynamics of parasites rather than mere 
infection. Several reports on epidemiology and epizootiolc^gy of sheep and goats 
are available from various parts of the globe (MUKHfiRJEE 1966; SWAN, 
1970-. GORDON, 1973, KELLY, 1973 ; GRAY et al., 1981;LIAKOS, 1985; 
DONALD et al., 1986 ; LIAKOS, 1985; ANSARI et al.. 1986; BAHCIVANGI 
et al., 1987 ; RAHMAN et al., 1990 ; ASIIRAF et al., 1990 ; URQUIIART, 
1990; HORAK et al., 1991, UNER, 1991; JAVED et al., 1992 RAHMAN, 
1992; CHARTIER et al.. 1992; KRISHAPPA et al., 1992; GULLAND & FOX, 
1992 ; FRITSCHE et al, 1993; ABD-RABO et al, 1993; BENSECH, 1993; 
CARDOSO e /a / . , 1993, AL-KHAFAJl e /a / . , 1994; 
The literature on epidemiology has been revised by MULLAR (1968) 
form South Africa; THOMAS & WALLER (1979) from England; MAC CULLOCH 
& KASIMBALA (1970) from Tanzania; SUH et al., (1980) f^ o^m Korea, NADRATHI 
(1989) DELAFUENTE (1992) from Spain, JAVED et al.^ (1993) from Pakistan, 
REINEMEYER et al., (1994) from USA. For the first time ARMOUR (1980) 
attempted to classify the available parasites on epidemiology of helminths within 
the framework of established epidemiological principals of disease. According 
of him outbreak of helminthic diseases in endemic ar^as occur due to three 
reasons : 
1. The first reason is increase in the infectinjg mass which usually occurs 
seasonally after at least one parasitic generatibn. The factors which 
influence such an increase are those that contaminate the environment with 
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the eggs or larvae and those that control the development, transmission, 
survival and availability of the free living stages which is technically 
knowoi as "translation". Translation therefore, depends primarily on suitable 
temperature and humidity levels but is also influenced by other factors such 
as soil composition, types of vegetation and drainage. 
2. The second reason \yi alteration in susceptibility of existing live stock either 
due to change in existing uiflection or due to the acquisition of new infection. 
Change in diet, particularly due to low calorie nutrition or difficulty 
of certain minerals and trace elements, lead to alteration in existing 
susceptibility. The acquisition of new infection is also enhanced during 
late pregnancy and lactation. 
3. The third cause for the outbreak of helminthiasis pertains to the situation 
when susceptible stock is introduced into an infectCfl area. Certain factors 
such as breed, sex, haemoglobin type may also add to the outbreak of 
> helminthiasis. 
The incidence of gastrointestinal helminthiasis in different species 
of ruminants has not been properly documented in this country, although 
there are several isolated reports by BHALERAO (1944), RAO (1940), 
PANDEY (1942), VERMA (1953), THAPER (1956), SOOD (1960), GUPTA 
et at., (1985, 1987 & 1988), BALI et at.. (1989), TRII^ATHY et ai, (1987), 
YADAV & TANDON (1989), KUMAR et al.. (1989), PANDEY et al., (1990), 
MASKE et al., (1990), SANYAL et al., (1992). The paramphistemiasis was 
first reported from India by BALDREY (1906) and WALKER (1906) 
subsequently it was reported from different Pfirts of the world. 
For the first time HAJI (1935) reported tWs disease in goats and sheep of 
Sindh and Rajasthan with mortality rat<e of 90%. The causjftive amphistome was 
iduiilinud ns Parampliisloiiiiiiii cervi. 
The outbreak of paramphistomiasis by Cotylop/;ioron cotylophorum 
was reported in sheep and goats by SRIVASTAVA (193fe). As a result of the 
infection with P. cervi and C. cotylophorum, the duodenum became oedemataous 
and the pyloric region of abomsasum was found to develop ulcers and necrotic 
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deposits PANDEY, 1942; MUDALIAR (1945) investigated pathology due to 
paramphistomiasis in detail and confirmed that ' the disease is mainly due to 
immature forms of C. cotylophorum. 
Pathology due to Gastrothylax crumenifer was reported by SRIVASTAVA 
(1947); KUPPUSWAMY (1946) reported that 90% moi^tality in Bihar as due 
to the presence of P. cervi and G. crumenifer. The maximum damage caused 
to the host is due to immature amphistomes was confirmed by BHALERAO 
(1944) and VERMA(1954). THAPER (1956), conducted an extensive survey 
of goats and sheep in Bihar, Bengal, Assam, Orissa, ajid Uttar Pradesh, to 
report that some amphistomes are common and exhibit an high degree of infection 
while others were of occasional occurrence. In sheep and goats G. crumenifer 
and C.cotylophroum enocuntered frequently. VERMA (1957) and SINGH (1959) 
confirmed the outbreak of amphistomiasis in different livestock of Bihar. 
SHARMA and KATIYAR (1967) studied the pathog^necity due to immature 
amphistomiasis in sheep and goat. SHARMA and JAIN (1969) reported the 
involvement of duodenum in completion of life cycle of rumen amphistomes. 
On the basis of survey conducted on 1323 sheep and 3002 goats NATH (1971) 
reported that 19.5% sheep and 10.8% goats were infected with paranipiiistomiasis. 
BIDA et al., (1977) reported an outbreak of paramphistoiniasis with a mortality 
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rate 30-40% in a flock of 180 young kasa sheep of Nigeria. Recently FEDOSEEVA 
(1993) observed an association between paramphistomiasis and fascioliasis. 
The infection with cestodes in not as common in ruminants as it is with 
that of amphistomes. Although cestodes are not so much <ietrimental as flukes, 
but are responsible for poor development and production of their hots. The 
larval cestodes are more fatal to the ruminants than that of adults. LAPAGE 
(1956) reported that pathogenesis due to adult tapeworms was not clear. However, 
rapid growth of the worms and prolific production of grayid segments required 
a huge quantity of nourishment from the hosts. 
It is clear fyom the extensive survey of THAPER (1956) that among 
cestodes Moniezia expense was common occurrence in sheep and goats : Avitallina 
species and Stelesia speci-es were also found moderately whereas, Moniezia 
benedenia was of rare occurrence. The pathogenecity due to Moniezia in sheep 
and goats was found not to be deleterious BRUNSDON, 1964; MORGAN & 
HAKINS, (1953), & VERMA (1966) , MISHRA & R U P R A H (1968), reported 
the incidence of helminth infection in goats of Hisar. Although in all they reported 
20 species but the very common species they encountered, were Trichuris avis, 
Haemonchus sp, in Oesophagostomum columbiomum ; Moniezia sp.; Thysaniezia 
giardia and Stelesia globipunctala. 
SHASTRY & AHLUWALIA (1971) surveyed the livestock and reported 
the overall percentage of helminth infection as follows : Haemonchus contortus 
86%, Trichostrongylus columbriforms 4 1 % Oesophasostomum Columbian and 
Bunostomum trigoncephaelunt 56% Trichuris sp. 72%i Moniezia expenrisa 
and M. penedeni 34% , Avitellina sp. 43%, Paramphistomum sp. 11% and 
Stilesia sp. 70%. 
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SINHA & SAHI (1973) have reported the incidence and nature of helminth 
inleclion specially in goats in Palna region, 98.76% of goats were found to be 
infected with one parasite or the other. 
CHHABRA & GILL (1975) studied the incidence 6f helminth infection 
of the livestock of Punjab. They observed that buffaloes, cattle and goats were 
infected with Fasciola sp., amphistomes, Ascaris, Trichuris and strongyles. 
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The maximum infection was found with amphistomes whereas lowest incidence 
was recorded for Ascaris. 
DUTT (1980)3'GHOSH et oL. (1987); reviewed the overall literature 
on paramphistomes of domestic ruminants specially of India. Its seasonal and 
regional variations in Bihar has recently been reported in paramphistomes by 
SAHAY et ai, 1989. Prevalence of rumen paramphistomfljiasis has been reported 
in Karnal & Ambala districts of Haryana by GUPTA & SINGH (1990). Recently 
ROLFE et al., (1991) MAHATO et al., (1992); FEDQSEEVA (1993), has 
studied epidemiology of paramhistomiasis in cattle of Australia. 
Epidemiology of gastrointestinal nematode? in livestock has been studied 
by a number of investigators YADAV & TANDON, 1989; SANYAL, 1991; 
STRAKE et al.., 1991 & 1992; BARBOSA et al.., 1992; MAINGl et al., 
1992; PANDEY et al., 1993 & 1994; AMBROSINI et al., 1994. Epidemiology 
of hydatidosis DEKA & GAUR (1990) in buffaloes wester^ parts of Uttar Pradesh 
has received greater attention. Observations on gastrointestinal parasites in general 
'in livestock of Karnatak state has also been made by a group of veterinarians 
PLACID, etal., (1988) ; JAGANNATH, et. al., (1988 & 1989). 
Surveill<ince of qualitative, quantitative and seasonal dynamics of gastrointestinal 
helminthes of livestock has also been conducted in African, European and American 
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,•. countries by ASANJI & WILLIAMS, (1987); GILL et al, (1987)DIAW et 
ai, (1988); OWEN et. ai, (1989); ROSE & JACOB^, ( l 990 ) ; BARUTZKl, 
(1990); UNER (1991); PAL et. ai., (1992); VARADY et. ai, (1993); CANTORAY 
et ai. (1993). WARUIRU et al, (1993); SMITH ( 1 9 9 | ) . 
Snails are found almost in all fresh water habitats. Majority of snails act 
as intermediate hosts in the life cycle of digentic trematodes because of their 
feeding habits. The snails feed on decaying organic matter las well as the planktons 
and sacdulent plants which may posses eggs of helminth parasitics and therefore 
they become the intermediate hosts for trematodes. The snails undergo starvation 
when there is scarcity of food and water and undergo hibernation during extreme 
cold. YAMAGUTI (1958) has classiiRed the trematodes of verterbrates on the 
basis of certain specific characters concerning the specific families. 
Although the host finding of lai^val trematodes is governed by a complex 
interplay between a range of physicochcmical and biological environment condition, 
most experimental studies have only dealt with singular Environment parameter. 
A few studies of more complex nature can say of interacting effect of turbidity, 
pH, salinity on the host finding of certain species. As such snails are 
responsible for spreading several dreaded diseases such 
fasciolosis etc. 
as schistosomiasis and 
Dynamics of snail population was studied recently by several workers 
JITHENDRAN, 1990; BARBOSA et al., 1992; BROWN et al., 1992; SALEM 
etal., 1993; JORDAN e / a / . , 1993. 
Although fresh water snails of Rajasthau have be^n reported by RAY & 
MUKHERJEE (1971). However, a detailed survey of fresh water molluscs of 
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Southern Rajasthan has been carried reeently by several investigators MATHUR, 
1982; CHOUBISA & SHARMA, 1983, 1986; RATHORE & BOHRA, 1987 
Besides snail survey, CHOUBISA (1992) has also studied molluscs from environmental 
point of view and indicated that molluscs act as bioindicators for the trophic 
stages of lakes and to their environments. He reported that majority of species 
and subspecies although widely distributed (eurytopic) but a few are restricted 
(steontopic) to particular habitats. RAUT et al., 1992; TANVEER, 1992 & 
YAPI et al., 1994; have observed influence of environmental components on 
survival, growth and fecundity of snails. 
During the survey of snails, twelve snail species belonging to five 
different families of gastropoda were reported from lakes of Udaipur. 
These twelve snail species harboured six different types of cercaria such as 
monstomes, amphistomes, gymnocephalous, xiphidiocercariae, echinostomes and 
furcocercus (CHOUBISA, 1985). 
' The domestic animals such as cows, buffaloes and goats are found all 
over India and form the backbone of dairy industry. In India majority of these 
animals are left uncared after milking them. Such runimants are left to feed 
upon garbage and to drink unsafe water. Under such circumstances these animals 
acquire infection with different helminth parasites. Althought a lot of work has 
been carried out in different parts of world as well as in India, but we know 
thflt local geological formation, vcgctnlion nnd cliiiinlic cfTcct (he spnlinl distribution 
of both animals and diseases. Udaipur is special in Rajasthan (India) as it is 
endowed with several fresh water lakes and lie at the basin of Aravali hills. 
Thus, a need for countrywide collection of data is emphasized in order to 
adopt preventive measures and for better production of livestock. It was, therefore. 
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decided to investigate the cause of uifections, the prevalence of infection throughout 
the year and under different environment conditions of Ud<iipur region. 
For spreading major diseases like fasciolosis and amphistomiasis, the 
transmission is possible only through their intermediate hosts, the snails. In order 
to study the availability of snails in different seasons and different types of 
behaviour of snails in regard to the release of different type of cercariae in 
different seasons of the year, their detailed study was also conducted 
simultaneously. 
The present study on various aspects of epidemiology has been incorporated 
in the form of following chapters in the thesis : 
1. Post-mortem studies of rumen amphistomes in Buffalo, Bubalus bubalis. 
2. Epizootiological studies in buffaloes on helminth infection. 
3. Natural parasitism of cows due to gastroiutestmal helminthes. 
4. , Coporological studies in goats (Capra hircus) of Udaipur region. 
5. Survey of snails from fresh water ponds and lakes of Udaipur region and 
their larval digeneans. 
6. Role of weather variables on the epidemiology of helminthes in buffaloes 
using mathematical models. 
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MATERIALS AND METHODS 
Acohort study was undertaken to know the prevalence of gastrointestinal 
parasitic infection in cows, buffaloes and goats of various areas in Udaipur district, 
which has the following geographical location : 
Latitude - 24035* N 
Longitude - 73M2' E 
Altitude - 577 meters (above mean sea level). 
The altitude not only modifies the temperature but also determines the 
rainfall distribution of this region. Udaipur city is situated in its natural cradle of a 
hill girdled bowl-shaped basin, drained by river Ahar, is one of the major cities of 
medieval origin in the state of Rajasthan, India. It has a picturesque setting provided 
by liic iiilorlinkud suvoriil vviilur bodies ii( (hu wusttirn cnil and the surrounding 
Aravalli hills. 
During the summer months, the district of Udaipur is saved by the hot dust 
raising winds of much frequent occurrence in the north western districts. During 
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the rainy season, the moisture bearing winds, both from the Arabian sea as well 
as Bay of Bengal, are guided by these hills. Thus the district lies in the fruitful 
windward eastern Hank uf the Aravallis. 
The area under study falls within the well known monsoon macro-climatic 
region. At the same time, it lies 15'N of the tropic of Cancer, endowing it strictly 
speaking an extra-tropical character, although it is hardly perceivable. 
'Climate' is a composite idea, a generalization of the manifold conditions 
from day to day throughout the year. It is a permanent and unalterable factor of 
the physical environment affecting animal life in multiple ways. Udaipur and its 
neighbciVhood astonishes its visitors in the first sight being all against prevalent 
common idea of Rajasthau, a desert. 
Of the important climatic elements temperature, rainfall and humidity arc 
more obvious and important determinants of many diseases. The study has deliberately 
been restricted to Udaipur because the meteorological data arc available for this 
centre only. In this study monthly and seasonal values of rainfall, humidity and 
temperature have been considered and analysed in multiple ways for a 3 years 
period. The mean meteorological observation in terms of maximum temperature, 
relative humidity and rainfall were taken with the couitsy of meteorological department 
Udaipur (Fig. 1-3). 
Following five seasons in a year have been identified for Udaipur region! 
1. 16th Feb. to 30th March (Spring season) 
2. 1st April to 15th June (Summer seasot 
3. 16th June to 15th Sep. (Rainy season) 
14 
4. 16th Sep. to 15th Nov, (Autumn season) 
5. 16th Nov. to 15th Feb (Winter season) 
I. Collection of material for Post-mortem studies of trematodes : 
The male buffaloes are slaughtered everyday except Tuesdays, m Gulabagh 
abattoir for providing meat to wild animals of the zoo. The rumen of slaughtered 
bufTaloes were examined daily for parasitic infection (amphistomes). The infected 
rumen was brought to the laboratory in a plastic container. The rumen was kept in 
normal saline. 
The amphistomes were thoroughly washed to remove the debris. The live 
amphistomes were observed under the dissecting microscope in order to identify 
their species. Different species were collected in different small stoppered glass 
bottles. 
Thoroughly washed amphistomes were distributed in four batches. The flukes 
of first batch were first placed in hot AFA solution and subsequently stored in this 
vary solution after cooling. 
The amphistomes of second batch were processed for morphological studies. 
The detailed morphology of flukes could not be studied with naked eye, thus 
whole mounts were prepared to see the distinct features and topography of the 
various organs imder light microscopy. The steps involved were : 
Relaxation : The specimens were submerged in a 500 ml. beaker in about 
50ml of physiological saline. Hot water (80-85"C) was then gradually poured into 
the beaker. The parasites died in a completely relaxed state. 
Flattening : The relaxed flukes were kept on absorbent paper for a little 
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while, to remove water droplets from their surface. They were picked up by brush 
and placed on slides. The two ends of the slides were tied with string or rubber 
bands in order to flatten them gently with a little pressure. 
Fixation : The araphistomes thus pressed were placed in AFA for overnight 
to give them proper fixation. Next day the slides were removed from the fixative 
and flattened worms detached with the help of brush. 
Bleaching : Large amphistomes were bleached to make their internal organs 
easily visible. It is done by immersing the specimens in freshly prepared chlorinated 
alcohol for 3-12 hours depending on the size of the specimen. 
Staining : The specimens were washed in 70% alcohol and stained in 
alcoholic borax carmine or acetic alum carmine and Fast green. 
Destaining : The flukes should be first overstained and then differentiated . 
in chlorine water thoroughly so that the body wall loses most of the colour and the 
internal organs retain adequate stain. 
Clearing : Clove oil was found to be better than xylol or cedar wood oil. 
Initially there was much shrinkage of the specimens in the oil, but they regain their 
normal shape in about 6-12 hours and suitable for examuiation. The material could 
be kept in clove oil indefinitely without any deterioration. 
Mounting : Clove oil cleared specimens were mounted in DPX or synthetic 
resin on glass slides. 
Amphistomes of third batch were processed according to the method of 
DUTT (1980). The amphistomes after relaxation were fixed in 10% cold formalme. 
The process of bleaching, staining, destaining and clearing were same as done in 
case of flattened amphistomes of second batch. The cleared specimens weie examined 
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under stereoscopic microscope in dorsovcntrai and lateral views. 
i'liu rodrllt lintcli ol'Rtitpiiisioiiios wiis procoKscd tis per (lie (ocliiii(|iiOH dcKuriltcii 
by liDUAKDO(l982). 
Specimens fixed in either 10% formaline or 70% alcohol were used. Formaline 
fixed material was washed in running water and the alcohol fixed material was 
gradually hydrated to water. The over staining was destaiued in aqueous acid 
solution ( 1 % HCL) to the desired colour. 
Each specimen was cut into two equal halves so that the complete specimen 
could be stained homogeneously. The staining was done by aceto-alum carmme. 
This method was originally devised by DINNIK (1964) but a simple cutting 
stage was devised by EDUARDO (1982). This consists of piece of glass slide 
and coverglasses (Fig.- 4). Equal numbers of cover-glasses were glued on each 
end on one side of the glass slide using Canada balsam. The cleared specimen 
already cut into equal halves was placed on the centre of the cutting stage between 
the pile of cover glasses vnih the cut surface on the stage. Holding the specimen 
firm in the stage by exerting index finger or thumb pressure, each thick section was 
made by sliding a razor blade through the specimen with the ends of the blade 
resting on the pile of cover glasses. The sections were placed again in clove oil 
then they were arranged on glass slides in the proper sequence and mounted in 
Canada balsam. 
Collection of Faecal Samples for the study of helminth eggs 
Location Faecal samples were collected randomly from the vicinity of Udaipur 
specially &om dairies, grazing field and veterinary hospital. 
Sampling Procedure 
The faecal samples of domestic animals such as buffaloes, cows and goats 
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were collected from most recently dropped faeces. The samples were collected in 
small injection vials with labelled information denoting name of the animal species 
its age and sex. The following are some methods to detect the presence of eggs. 
1. Examination by direct smear - A pinch of faeces was taken and meshed 
in pastle and mortar and diluted with water . A tiiin smear was made on a itiicroscopic 
slide and seen under the low power of a compound microscope. At least three 
slides from different parts of the faecal sample were examined. This method is 
suitable for very rapid examination. 
Salt floatation method : The purpose to detect light infections could not 
be solved by direct smear method, moreover it consumes much time. For saving 
time and for detecting very light infectious and to elimmate the large faecal particles, 
concentration method was used. The details of the procedure employed during the 
uivestigatiou was as under : 
/. This proedure is known as Wills technique 1 ml. of faecal material was 
taken and diluted with 10-20 ml. of cone, salt solution in a suitable 
narrow cylinder. This cylinder was filled to the top with the diluting 
liquid. 
2. A clean slide or cover glass M'as slid sideways over the top of the 
cylinder so that it was in contact with the.liquid. Precaution was taken 
as there should not be air bubble between the slide or cover glass and 
the salt solution. 
3. After about 30-^5 minutes the slide or cover glass was quickly removed 
and examined under a low power microscope. 
18 . 
Egg Counting Method 
Above methods could be useful to know whether tlie animal was infected or 
not. But to obtain more accurate information about the severity of an infection, egg 
countm method was employed. It means eggs per gramme of faeces was determined. 
STOLL'S Dilution Method (Second Modification) 
1. Dilution : In this method 3 gms of faeces was taken and put it a in a 
bottle filled with 42 ml. of water. The bottle was closed with a rubber stopper and 
shaken to give a homogeneous suspension of the faecal sample. The mixture was 
poured through a wire mesh screen with an aperture of 0.15 mm. 
2. Centrifugation : The debris left on the screen was discarded. Now llie 
filtrate left was well stirred and centrifuged at 1500 rpm for two minutes. The 
supernatant was poured off and discarded. The thick bottom fluid left was diluted 
with water again to the same level as before. The contents of the tube was again 
shaken thoroughly to form a homogenous sample. 
3. Examination and Counting : Now 0.15 ml of sample was taken by 
means of graduated pipette and ejected onto a microscope slide and covered with 
22 X 22 cover glass. It is examined under the low power microscope and the 
eggs, seen were counted. Eggs were also counted on that part of the slide which 
was not under the cover glass. 
4. Calculation : The number of eggs counted was multiplied by 100, gives 
the number of eggs in one grame of faeces. 
This modified StoU's dilution method has advantage that the samples were 
centrifuged and only the bottom fluid was used for counting. 
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Identification Key of eggs 
Most of the helminth eggs were identified on the basis of shape, size and 
the number of blastomeres present, following the identification key of eggs (SOULS 
BY (1982) (fig.-5). In many cases, however differentiation of the eggs was difficult 
and they could be distmguished only on the basis of third stage larvae by culturing 
them in some cases. 
Preparation of larval culture 
The faeces was found to be a suitable culture for the helminth eggs when it 
was provided with suitable temperature and moisture. The following steps were 
mvolved : 
J. The faeces was broken up using pestle and mortar when it was very 
dry. 
2. Moist the faeces by sprinkling water drops over it, but if it was very 
wet, animal charcoal was added until the correct consistency was obtained. 
3. This faecal mixture was spreaded over an inverted petri dish which 
was kept in another big water filled petri-dish. 
4. The above set of petri dishes was left as such for S-10 days in order to 
get infective stage larvae. 
5. For inhibiting the growth of fungi and for providing air to the lower 
layers of the faeces^culture was stirred every day. 
Recovery of larvae from culture 
1. The faeces with larvae were tipped out from petri dish to a piece of damped 
fine muslin cloth and tied it. 
2. This bag with enclosed faeces was dipped in a beaker filled with water. 
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3. • Next day the faeces was removed from muslin and squeezed in the beaker 
and kept il unlochcd for 24 hours. 
4. During this lime ihc hiivnc sniik to (he bolloiu and (nkcn for specific dingiiosdc 
purpose. 
5. The 3rd stage larvae were identified according to the key given in Technical 
Bulletin No. 18, Manual of Veterinary Parastological Laboratory Techniques 
(1979). 
Collection of Snails 
Site - In Udaipur, there are many water bodies which contribute towards 
the climatic characteristics of an area. The snails were available in these water 
bodies specially in ponds near Eklingji, a pond of Nehru Park and other small 
ponds, pools and ditches. These are "Stagnant water bodies". 
The snails were also found in some lakes which were big and "Running 
water bodies" as Fateh Sagar Lake, Pichhola, Doodhtalai and Swarup Sagar 
Lake. 
Procurement : Snails were present on the soil surface in the herbage or in 
the top soil few mm. deep. The snails were placed in polythene bags along with 
some soil and water. These snails were then brought to the laboratory. Here they 
were washed with water and then kept in a trough containing water. Artificial 
food, in the form of baby cereals was given to them: The snails were then examined 
and identified according to TONAPI (1980). 
Recovery of cercaria from snails : 
The trough of snails were kept near the window where ample amount of 
natural light was coming or sometimes they were kept under the artificial light 
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source (electric bulb). The light acts as in an inducing agent and thlis cercaria 
cmreged from the snails were made wriggling movement in water towards light 
source. 
Fixation and staining of cercaria : 
The cercaria were placed under a coverslip by withdrawing water with the 
help of absorbent paper. Then 1% formaline was poured by means of pipette on 
the side under the coverslip. After the cercaria were dead, they were washed, 
stained in acetic alum carmine and permanent prepartions were made. They were 
identified according to the key as given by CABLE (1949) and ERASMUS (1972). 
CHEMICALS USED : 
1. Physiological Saline : 
Sodium chloride (analytical) 0.78 gms. 
Distilled water 100 ml. 
2. Fixative used : 
AFA solution Alcohol 85 ml. 
Formaline 10 ml. 
Acetic acid 5 ml. 
3. Stains utilized : 
Aceto carmine (Schneider) 
Carmine 0.4 gm 
Distilled water 55 ml. 
Heat to boiling, then add Glacial acetic acid 45 ml. Raise to boiling point again, 
then cool and filter. 
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Borax carmine (Grenadier) 
Borax - 4 gin. 
Carmine - 3 gm 
Distilled water - 100 ml. 
Alcohol - 100 ml. 
Shake the borax and carmine* with the water, then boil gently for thirty 
minutes, allow to cool, make up the original volume with distilled water, then add 
100 ml. 70% alcohol. Mix well and allow to stand several days before filtering. 
Paracarmine (Mayer) 
Carminic acie - 1 gm. 
Aluminium chloride, hydrated - 0.5 gm. 
Calcium chloride, anhydrous - 4 gm. 
Alcohol 75% 
Fast green (Aquous) 
Fast green FCF - 0.5 to 1 gm. 
Distilled water - 100 ml. 
Specimens fixed in hot AFA, stained in Mayer's paracarmine and counter 
stained in Fast green. 
4.'Blcacliiiig }igeii( (Chlorinated alcohol) 
About 0.19 of Potassium chlorate was taken in 50 ml. test tube, holded in 
an inclined position by means of a test tube holder and about 0.5 ml. of hydrochloric 
acid gradually added. The mouth of the test tube was then plugged with a cork or 
2 3 . 
a cotton plug. Chlorine liberated and the test tube is filled with yellowish-green 
fiiuics. Wiicn there arc no more bubbles al (he bulluin of the test tube, it was filled 
with 70% alcohol and corked again. The chlorine dissolved in the alcohol which 
became yellowish-green in colour. 
STATISTICAL METHODS 
Statistical methods were used for estimating disease dynamics due to 
different gastrointestinal helminthes m domestic animals (especially bufflaloes). The 
methods utilized were described by SNEDECOR & COCHRAN, (1967); 
GOMEZ & GOMEZ (1983). 
Tabulation which is the common.technique of displaying numerical data, 
has been used to demonstrate percentage of infection, availability of snails and 
cercariae in different mouths for three contiuous years beginiug from January 1990 
to December 1992. It involved listing numerical values in rows and columns. 
Graphical representations demonstrates differences that would not be easily 
noted in tables. Bioclimatograms in the form of bar, line and pie diagrams have 
also been used to show different types of variables annually. 
Correlation coefficients were calculated to measure the degree of closeness 
in each year (1990 to 1992) between two variables viz. dependent variable i.e. 
percentage prevalence of particular helminth parasite and independent variables 
(temperature Xj, humidity X^ and rainfall X^). 
Multiple linear regression model was used to find out which selection 
from a set of weather variables was best for predicting percentage of incidence of 
particular species of helminth parasite. The detailed account of the analysis of 
Correlation Coefficients and Multiple Linear Regression with formulae has been 
discussed in Chapter Six. 
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Glass slide 
Coverglass 
) Razor blade 1 
Top view of cut-ting stage 
showing position of 
cutting blade and specimen-
Specimen 
I Side view 
ral sagittal section (left side) Lateral sagittal section (right side) 
Median sagittal section 
Proper arrangement of sagittally cut thick section; 
Fig. 4. Schematic diagram showing the components of a cutting 
stage and their arrangement, the position of the cutting 
blade and the specimen on the stage in the preparation of 
hand thick sections as well />s the proper nrrnngrmcnt of 
sections on glass slides for permanent mounting.(adopted 
from EDUARDO ,1982.) 
Fig. 5.b : Identification key of eggs of helminth 
in goats and sheep (SOULSBY). 
parasi tes 
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ftaciola bapatlca. 
Pmt-mmphimtomum cmrvi. 
ThymMtUmzim grimrdicm. 
MonlmziM mxpmt»». 
Itonimzia btnmdmni. 
Dieroeomlium <tandriticua. 
Btrongrloidmm papillomuM. 
Gongylonmmm pulchnm. 
9. TrichuriB globuloam. 
XO.rmmc±ol» gigantic*. 
il.Kamatodirua apathigmr. 
12.Gaigmria packyacalia. 
IS.Trichoatrongrlua ain>. 
X4.akrjabinama ovia. 
iS.Mvitallina cMttripunctata. 
le.eiabmrtia ovina. 
17.Haamonchua contortua. 
18. Bunoatomum trigonocmi^alum. 
19.0aaophagoatomum columbiamm. 
20. Cotyloptioeon cotylophoxrum. 
21.Faaeioloidaa magna. 
22.0atartagia eircimeirmta. 
23.Harahallagia marahalll. 
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Fig. 
eggs 
5.a : Identification key of 
of helminth parasites in 
cattle (SOULSBY). 
Schimtomma ammmlim. 
Beiuatoaamm btvia. 
Ttwlaxim xhodmmAi. 
fitchoadarium mlangttum. 
GmgtrothyXMX erummtifmr. 
Cmrmymrium mpatiomim. 
7. nmebomimriua cobboldi. 
». acbimtomama mpinOmlim. 
9. AirytrMU pancrwaticua. 
lO.UunoMtamum prii«/botoaua. 
ll.ByngtJKit iMryngmum. 
12.Omaopitmgomtomum radimtum. 
13.M9ci»tocirrtiB digltatum. 
lA.Coopmri* ptetinita. 
IS.AacMTim vitulortm. 
le.BcMatoMomm jmponiam. 
17.8chimtomoma indicum. 
18.Omithobiltmrxi* turkmmtmni 
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CHAPTER - I 
INTRODUCTION 
Although the prevalence of helminth infection could be detected by the 
presence or absence of their eggs in faeces, however this method could not be 
relied upon in case of trematodes and amphistomes in particular. The obvious 
reason is that the ovigerous amphistomes lay eggs, which ofcourse can be detected 
in falces, but the presence of immature amphistomes cannot be detected by faecal 
analysK as they do not lay eggs. Occurrence of juveniles and adults are found to 
be seasonal with their peak of incidence in winter and summer respectively. 
Ilcncc tlic post-fuortcin studies arc significiiiit over facciil sjiiupic nnnlysis in 
epidemiological studies. 
Paramphistomiasis is very common among India, It causes severe diarrhoea, 
marked v/eakness and high rates of morbidity and mortality. The disease has been 
reported to occur in several countries in addition to India. 
Recently it has been reported from Turkey (TINAR et a/., 1992) Nigeria 
(OKAFOR et ai, 1988) Indonesia (TARMUDJI et ah, 1988), Thialand (TAIRA, 
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1991); Korea (KANO et al.,]9SZ), Argentina (RIMBAUD 
('/ al.. 1991), Kenya (Clll-RIJIYOT c/ ai, I9KK), l-nincc (CASSlVr,1989). 
The incidence of pararaphistoniiasis of domestic ruminants is also veiy common. 
First of all the incidence of parnmphistoniiasis was reported by BALDKEY in 
1906. Thereafter in Assam (PANDE, 1935, RAJKHOVA, 1984), Madras (MUDALIAR 
1945, D'SOUZA, 1949, ALWAR, 1949, RAMKRISHNAN, 195 1, LALITHA 
et al., 1986) Bihar (KUPPUSWAMI, 1948; VERMA, 1957; SAHAY, 1987) 
Uttar Pradesh (KATIYAR and VARSHNEY, 1963; SHARMA et ai, ,1983; UPADHYAY 
et ai, 1986; SWARUP et ai, 1987; GHOSH et ai, 1987; VARMA and PRASAD,1989), 
Haryana (GUPTA et ai. 1987,1990); Tirupati (HAFEEZ and RAO, 1987), 
Tamil Nadu (SANYAL, 1991), Gujrat (PRAJAPATl et «/.,1982) Kashmir 
(RAINA, SEYand KHAN 1987) Punjab (GILL, 1987); Madhya Pradesh (BANERJEE 
etal.,{991). 
Although post-mortem studies was first conducted on the ruminants of Punjab 
( D U T T , 1980). Recently such studies have also been conducted in different parts 
of Incm. The incidence of rumen amphistomes of certam domestic ruminants have 
been reported from Gujrat (HAFEEZ & AASATHI, 1987) Karnataka (D'SOUZA 
1988), Andamans (RAO & DEORANI, 1988). However, no post mortem studies 
of ruminants in Rajasthan have been carried out so far. It was therefore decided to 
take up an abattoir survey of paramphistomiasis in water buffalo for consecutive 
three years begiiming from January 1990 to December 1992. 
OBSERVATION 
The prevalence of amphistomes in buffaloes were recorded from January 19 
90 to December 1992 in the form of primary data. The information of infection is 
presented in the tables ( la - le ) . This was done in order to have a clear birds eye 
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view of the data before calculating effect of weather variables on percentage of 
iiiruolioh. The |>rcvalunco ol'anipliisloinus in llticc conscciilivu yunts bcgiiiiiing 
IVom 1990 was depicted by bar diagrams. Monlhwisc infections and scasonwise 
variations in divers^mphistome species are discerned by bars. 
The overall infection of amphistonies in buffaloes was found to be highest in 
September of each year. The infection in May and June was very poor while in 
rest of the mouths, infection was comparatively higher during July to November 
than December to April, (fig. 1.1) 
The bar diagram (fig. 1.2) clearly revealed the infection with Paramphistomum 
epiclitum to be at its peak in August and September each year followed by a 
decrease in subsequent mouths. The infection was poorest in May. Thus mfection 
vi'ith. paramphistomes increases or decreases in different months but it persisted 
throughout the year, (table la). 
The bar diagram number 1.3 shows that the infection of Cotylophoron 
cotylophorun was found throughout the year like Paramphistomum epiclitum, 
but with fluctuating intensity (tablelb) . Its prevalence was more during August to 
November and least during March to June, while moderate in the remaining months, 
(fig. 1.3) 
The third species of rumen amphistomes of water buffalo was identified as 
Orthocoelium scoliocoelium. The peak period of the prevalence of this species 
was recorded in August and September i.e. during the monsoon period (fig. 1.4). 
The infection started declining from October and continued upto February. In 
March, a slight increase in infection takes place showing its minimum incidence 
during May. in July, again the infection with Orthocoelium starts vising (table Ic). 
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The fourth species,'the Gastrothylax criimenifer shows its peak occurrence 
during Ihc winter scnsuu i.e. Ucccnibcr and January and the inreclion is moderate 
in March and from July to October (table id). No ruminant was found to be 
infected during summer season i.e. from April to June. (fig. 1.5) 
The rarest species of rumen amphistomes found m Udaipur was Calicophoron 
calicophoron. However the percentage of infection recorded for this species was 
maximum in October and November (fig. 1.6). It was nevertheless, found in the 
three years beginning from 1990 to 1992, while in remaining months i.e. June and 
July the infection dies out completely. 
The overall average infection recorded for ihrcc years was as follows; for 
1990 it was 62.90%; for 1991 it was 65.42% and for 1992 it was found to be 
56.86%. 
DISCUSSION 
From the observations it is obvious that incidence of infection with different 
species of amphistomes in buffaloes is not uniform. The incidence of infection also 
differs seasonwise. It is significant to note that infection m buffaloes with P.epiclitum 
was most prevalent compared to the rest of the amphistome species. High incidence 
of infection with P. epiclitum in buffaloes consistently for three years can be 
attributed to the presence of infected intermediate host, Indoplatiorbis exustus 
round the year. 
In the summer season, the water evaporates from the lakes and other water 
bodies which results in decrease in water surface area. Consequent to this, the 
density of snails becomes high in each reservoir. Moreover due to excessive and 
fast evaporation of water the green vegetation is restricted to the banks of each 
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water body. Due to free grazing in these areas, buffaloes get heavily infected with 
an»phislon\cs by ii\gcslii»g cucyslcd ainphislonic niclaccrcaiiac. At the onset of 
rainy season the contaminated dung of buffaloes and other domestic ruminants 
dissolve in water. This helps in spreading the eggs in larger area of the water 
reservoir. Snails reproduce and their population also increases simultaneously. 
Eggs hatch releasing miracidium in large number. Miracidia infect the snail population. 
After a couple of weeks the cercaria emerge and encyst on the vegetation near 
water, thus contaminating it completely. When the ruminants graze on such a vegetation, 
they acquire infection. Following rainy season at times in the mid of rainy season 
i.e. August and September of each year therefore density of infection may be 
observed at the peak. (fig. 1) 
The buffaloes were found to be infected throughout the year with P.epiclituni. 
Infection with C. colylophoniiii is more |)rcvjilcnl from August to Novemhcr, 
while that of P.epiclitum, the infection was at its peak in August and September 
of each year. However in subsequent months (October to June) the irrigation and 
water supply to the town from lakes causes water level to recede. Thus lakes 
become smaller and smaller restricting green vegetation to smaller area. By grazing 
upon the grass, they inget many metacercariae iii a short period of time. Thus the 
outbreaks appears in the months that follow the heavier rains. 
The fluctuation in the intensity of P. epiclilum and C. cotylophorum could 
be related to the difference in prcpatent period in manunalian hosts. The resemblance 
in the prevalence of infection with above mentioned two amphistome species is 
because they have a common vector i.e. hidoplonorbis exnsttis. 
The in incidence of infection with Oithocoelnini scoliocoeliiini is at the 
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peak in August and September each year.It falls down in February wliicli continues 
upto June. The intensity of the pathogenesis depends upon the magnitude of the 
fluke burden.The decline in the incidence of infection from February to June could 
be related first to hibernation of snails in winter and subsequently aestivation in 
summer respectively. 
The infection of Gastrothylax crumenifex dies out totally during sumimer as 
its intermediate host, the Gyruhis convexiuscuhis estivate during summer. On the 
onset of rainy season i.e. October to February, the infection begins to increase, 
reaches its peak in November, December and January. It starts declining in March 
and completely dies out by April. Su<5h an increase and subsequent decrease in 
infection may be related to the availability of Gyni/us in water bodies. Total 
absence of infection corresponds with the aestivation of the Gyrulus convexiuscuhis. 
The rarest species which was found in Udaipur is CoUcophoron calicophorwn. 
Its snail host is Planorbis Kahuika. It is so rare that in few months of the year 
there is no infection at all. Moreover, the record of three years does not exhibit 
uniformity in the incidence of infection. Such a fluctuation may be attributed to the 
difference in the rainfall and temperature variation during three years of observations. 
In a survey of paramphistome infection in boviues of Bihar state, seasonal 
and regional variations was observed (SAHAY et al., 1989). The present study 
supports the findings of Bihar state in .relation to epidemiological studies of 
paramphistomiasis in bovines. However, the present investigations, revealed the 
average highest incidence of infection from mid of rainy season i.e. end of July to 
mid of winter i.e. upto December and thereafter it declines and remain lowest in 
May and June. Thus the studies conducted in Bihar on the boviues although 
exhibit seasonal variations in the incidence of amphistomiasis but different from the 
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present one in having the highest peak of incidence in winter season instead of' 
post monsoon. 
The peak of infection in present investigation from mid of rainy season 
could be accounted for the presence of large population of snails by August, the 
mid of rainy season. The snails start breeding on the onset of monsoon and as such 
their large population is found to be infected. 
In Madhya pradesh seasonal variation of the occurrence of paramphistomiasis 
was observed in ruminants and it was reported that acute paramphistomiasis takes 
place soon after first heavy monsoon showers (VARMA, 1957). 
Recently VARMA et al., (1989) sui-veycd the ruminants of Bareilly (Uttar 
Pradesh) for the prevalence of Pamphistomiasis. They compared the incidence of 
infection in buffaloes, sheep and goats from March 1986 to February 1987. The 
present report on the incidence of amphistome infection in buffaloes of Udaipur 
are in agreement with those of VARMA et al., (1989) who have found the rising 
trend of infection in rainy season (63.52%) and post monsoon period (63.52%). 
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CHAPTER - II 
INTRODUCTION 
Buffaloes are cosmopolitan in distribution and in India they form a backbone 
of dairy industry as it contributes 65% of total milk production. Two kinds of 
buffaloes could be distinguished, one is Bubalis biibolis which is found in South 
Asian forests, hence known as Asian buffaloes while other kind of buffalo is 
Syncerous caffer which is found in Africa accordingly called as African wild 
buffaloes. 
Buffaloes not only play a major role in milk production but they are one of 
the best meat producing animals due to their high protein contents. In addition, 
buffaloes meat is with the approach of ordinary people as it is cheaper than the 
meat of other animals. 
The post-mortem studies revealed that buffaloes of Udaipur are commonly 
infected with helminth parasites, which cause great loss to milk and meat industry, 
hence the epidemiology of helminthes in buffaloes has been studied 
Many definitions of epidemiology have emerged over last few decades. 
4 8 , 
According to the dictionary "Epidemiology is the study of the distribution and 
dclcrmiiiniils oriicnilli rchilcd slides iiiul events in population iiiid the npplication 
of this study is to control the health piobienis". 
Epidemiology deals with communities. One of the causes of morbidity and 
mortality in water buffaloes is the interaction variables of the environment affecting 
incidence of parasites. It also deals with the duration and intensity of exposures to 
various micro climatic factors. 
The microclimate is defined by a combination of environmental factors such 
as air temperature, humidity, air speed etc. 
The epidemiologic studies in India were conducted, about five decades ago 
SRIVASTAVA (1945) made a survey of the incidence of helminth infections in 
India at the Veterinary Research Institute, Izatnagar. Later on several workers 
(THAPAR, 1956; PATNAIK & PANDEY, 1964; CHAUHAN et oL. 1973;) studied 
some aspects of infection in calves and adult buffaloes. 
In eighties, the epidemiology of buffaloes were studied more systematically 
(BHATNAGAR et al..l9B0; GUPTA et al.. 1982, 1985 & 1990; SOULSBY, 
1982; BHATIA & ClIAUllAN, 1984; KULKARNI et al., 1984; JAGANNATIl 
et al., 1988; 1989; PLACID et al., 1988; KRISHNA et al.. 1989; DEKA et al., 
1990; HOSSAIN et al., 1991; SHARMA^<1991^; SANYAL, 1992 ). 
During previous studies, the general pattern of seasonal prevalence of 
gastrointestinal parasitism was established, but there is a need for numerical data 
on disease distribution, to determine priorities for the health services and ensure 
tliat activities of veterinary staff are in accord with these priorities. 
The present study forms a contribution of epidemiological investigations 
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reporting the incidence of infection and seasonal distribution of the uitestinal helminths. 
OBSERVATIONS 
In Udaipur district, the nematodes and trematodes played a major role in 
infecting buffaloes while the cestodes rather present but in a negligible proportion. 
Although many of the species have wide geographical distribution but some of 
them are restricted geographically . Based on the faecal sample analysis of buffaloes, 
it has been found that among trematodes prevalence of amphistomes was maximum 
whereas among nematodes strongyles and Strongy/oides predominated the rate of 
infection .The mam pathogenic groups found were amphistomes, strong)'les, Ascaris, 
Fasciola and Strongyloides. 
Overall infection in adult buffaloes of parasites has been found to be ma.vinuim 
in rainy and autumn seasons while minimum in winter and spring seasons. 
Seasonal prevalence of different liclminth species were studied separately 
and their impact varies in different seasons. The investigations were conducted in 
three years long survey in which epidemiological obsei-vations were made continuously 
from January 1990 to December 1992. Besides overall helminth infection group 
specific survey was also conducted in regards to the age of the animals and 
various seasons of each year. 
P r e v a l e n c e of A m p h i s t o m e s 
The buffaloes were found to the infected mainly by amphistomes. The peak 
period of the presence of eggs of these parasites was May- June and lowest 
prevalence was in December- January. 
The percentage of infection due to amphistomes in 1990 was 19.3%, in 
1991 it was 20.74% and in 1992 it was 18.17%. Incidence of infection with 
Professor W, / I Nizami 
Col'scti^'O 
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diverse helminthes was observed separately in male and female buffaloes. Based 
on faecal sample analysis it was found that males had 18,6%, 20.71% and 16.98% 
during 1990, 1991 and 1992 respectively. While the infection in female buffaloes 
exhibit a pattern almost similar to that of male buffaloes. As such the percentage 
of infection with amphistomes in female, buffaloes was observed to be parallel to 
that of males. The female showed 13.94%, 15.08% and 12.39% which was lower 
than that of males.(fig. 2.1, 2.2 & 2.3). 
The youngest bufialoes i.e. calves below one year of age pick, up the infection 
in greater number. The peak of prevalence was observed in May in 1990,& 1992, 
(fig. 2.1,2.3), however in 1991 the peak prevalence was observed in April (Fig. 
2.2). The pattern of rise niui fsiil o[^^\c parainphistonn' iiifcclion in calves was 
almost similar to adult but with different intensities. In buffalo calves, the 
prevalence was found to be 25.14%, 26.45% and 25.14% in 1990, 1991 and 
1992 respectively (Table 2a) . These percentages are much higher than that 
of adult buffaloes. Tbus, agewise analysis revealed that prevalence of 
amphistome infection widi buffaloes showed negative correlation.. 
Prevalence of strongyles 
The faecal sample analysis of different categories of buffaloes although exhibit 
the presence of strongyles (especially Bunostomum) but its percentage was found 
to be low. In the faecal samples of male buffaloes, it was observed that 9.78% of 
buffaloes had infection in 1990,8.28% in 1991 and 8.23% in 1992. The statistical 
tlgurou tihuwij (hill in nil llio lltiuc yoiii.s tlic itilcclioii l iscs to il.s pouk in iiiiiiy 
season and gradually declines in autumn season and reaches to its lowest in spring 
and summer seasons. It again rises in June, showed its peak in July - Aug. and 
goes on declining from September onwards, (fig. 2.4, 2.5 & 2.6). 
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The faecal sample analysis of female buffaloes revealed - that the infection 
with strongyles was 13.94% in 1990. it decreased in 1991 to 12.3% and still 
lower in 1992 to 11.27% (fig. 2.4 - 2.6). The male buffaloes had infection in 
less numbers to their female counter parts. The percentage of prevalence in male 
buffaloes was found to be 9.76% in 1990, 7.44% in 1991 and 8.02% in 1992 . 
(Table 2b). 
Faecal samples of buffaloes calves were found to be positive with strongyles 
and the data suggested 5.65% infection in 1990, 5 .1% in 1991 and 5.41% in 
1992. This percentage was found to be lower than adults i.e. a positive 
correlation exists between age & prevalence of strongyles in buffaloes. 
Prevalence of Ascaris 
Ascans is also an important parasite of buffaloes in Udaipur region as is 
evident from faecal analysis. In male bufialocs the infection with Ascoris was 
found to be 10.98% in 1990, 15.21% in 1991 and 14.51% in 1992. The seasonal 
prevalence of Ascaris in female buffaloes were found to be lower. It was 9.09% in 
1990, 10.15% in 1991 and 9.01% in 1992. Thus, sex wise, the males showed 
more inclination towards infection of ascariasis than female buffaloes. (Table 2c) 
Rainy season was found to be the favourable season for the development of 
Ascans comparision to summer when they had lower rates of prevalence. May is 
the month showing lowest prevalence in buffalo calves. In 1990 a large number of 
male buffaloes were found to be infected with ascariasis in April. The prevalence 
of infection enhanced to a great extent in July after the first rain. After May, 
second time the lower percentage was observed in December, (fig.2.7, 2.8 & 2.9) 
In buffalo calves^in 1990 the infection was on higher side. Their percentages 
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were 20.62%, 22.82% and 20% in 1990, 1991 and 1992 respectively. The pattern 
of infection was almost same but the prevalence was higher than that of adult, but 
in 1991 & 1992 its prevalence in buffalo calves was observed to be lower than 
adult during winter and summer seasons. 
Prevalence of Fasciola 
Fasciola is one of the disease causing agent in domestic animals but its 
percentage in Udaipur has been found to be lowest (8.12%). The percentage of 
Fasciola eggs in the faeces was recorded to be 7.57%, 8.06% and 8.75% in 
1990, 1991 & 1992 respectively, while in August in 1990. The highest percentage 
with Fasciola was observed in July observed. The peak of infection was recorded 
to be in the rainy season in all the three years. The infection goes on decreasing 
towards autumn season. The prevalence was found to be lowest in January 1990, 
inMay 1991 and April 1992. (fig. 2.10, 2.11 & 2.12) 
Screening of faecal samples of buffalo male revealed that infection with 
Fasciola in males was 7.32%, 8.04% and 8.64% in 1990, 1991 &. 1992. respectively 
while female showed 6,36%, 6.77% and 7.61% in these three years. (Table 2d). 
In buffalo calves, the infection with Fasciola was much higher than that of 
adults. The percentage of incidence of infection in calves was observed to be 
9.04%, 9.31% and 10% respectively. The infection declines in winter season and 
continues declining till summer season. With the onset of first rain more buffaloes 
get infected with Fasciohj. 
Prevalence of Strongyloides 
One of the common occurring species of helminthes was that oi Strongyloides. 
Many a times the larva could be seen emerging from the eggs in the faecal samples. 
The percentage of prevalence of Strongyloides in buffaloes in 1990, 1991 and 
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1992 were 10.83%, 15.37% and 16.23% respectively. (Table 2e). 
The infection was found to be more in the months of October - November 
during all the three years of survey. The incidence of infection goes on decreasing 
continuously from December to June although in 1990 the buffalo calves have 
shown an increasing trend, (fig. 2.13, 2.14 & 2.15) . 
In the male buffaloes the infection was reported to be 11.28%, 14.75% and 
17.51% . In female buffaloes the percentage of incidence due to Strongyloides 
seems to be same as that of male buffaloes as there is very little difference in the 
percentages of both the sexes. The percentage of female buffaloes was found to 
be 11.33%, 13.54% & 15.22% respectively. 
In calves, the infection of Strongyloides was observed to be 9.88%, I 1.83% 
Si 15.95% in 1990, 1991 and 1992 respectively. The difference in percentage 
liclween buffalo calves and adults was obvious as calves have shown higher percentage 
of incidence than the adults. 
The data clearly exhibit a negative correlation in regards to age of the host 
and prevalence of Strongyloides infection. 
DISCUSSION 
In the duration of three years of jBeld study, faecal samples of 4148 buffaloes of 
different age groups were screened for the occurrence of helminth eggs. The following 
order of frequaicy with dififerent helminthes in buffaloes was recorded at Udaipur ; 
Such studies on spatial and seasonal prevalence of gastrointestinal helminths 
in buffaloes and cows have also been carried out in different parts of India. In 
Mysore prevalence of amphistomes in ruminants were recorded to be 29.72% 
(MliKAI.r.DFIARAN r / « / . , 1000). In ihi.s rcs|)ccl (lie iiifcclioii ra le in llio l)iiiriiloc.s 
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of Udaipur region was much lower (19.38%). The possible reason for such a 
difference may be llic pasture aiea aiul the rainfall. 
Agewise data of the present survey of buffaloes clearly exhibits negative 
correlation of the helminth infection i.e. as the age of the animals advances, the 
rate of infection goes down. However, the positive correlation m regards to age of 
host was noted in case of strongyles i.e. as the age of animal advances the 
percentage of infection also increases. The epidemiological survey of helminth 
infection in buffaloes of Haryana (GUPTA et ai, 1985) was in complete agveemev\t 
with the present findings as for as the age is concerned. Overall infection with 
diverse helminthes was usually confined to young animals and as the animals grew 
older they developed immunity and thus got rid of paiasitic burden (URQUHART, 1990) 
Our results do not agree with GAGNOLATI and AMBROSl (1985) who reported 
positive correlation of age with amphistomes in buffaloes of Italy. Our lesults 
lesemble with that of BANERJEE & AGRAWAL (1992) who also found more 
positive cases in young animals. It may be conjectured that adult buffaloes have 
the ability to immunise themselves against the paramphistomes infestation. 
Though infection of ruminants with Haemonchus is very common world 
over (SOOD, 1960; SANYAL et al., 1992); strongyles seen in Udaipur were 
mostly Buno^stomum. These have negative correlation with age it appears that 
somehow or the other the strongyles evade hosts immune system and that is why 
even adults remain susceptible from infection thioiighout life. 
Among nematodes the infection with Ascons is an interesting finding in the 
faecal samples of buffaloes. Except few reports in cattle other ruminants have not 
been reported for the presence of Ascans However, the buffalo calves of Brazil 
have been reported to perish due to high infection with Neooscons (47%) (LAU 
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1987). In Indonesia too the buffalo calves revealed high infection with Neoascoris 
(KI'NYONS ct III., 1989). Ilio luliilt buiralo.s DI" Paki.slim were icpoiletl to hiMl)Oui 
infection 15% with Ascaris (MOUKAD el a/., I«)85) while MASUD «t MAZllJ) 
(1984) found 41.94% were positive for Ascaris. It appears that the infection with 
Ascaris in buffaloes encounters mostly in Asian countries. The conditions here 
appear to be more condusive for Ascaris infection in water buffaloes. The occurrence 
of ascariasis in buffaloes in Udaipur region is not a unique report as water buffaloes 
of other parts of India have been reported to be infected with this nematode viz. 
Andman( RAO & DEORANI, 1988) Orissa (SAHOO et rt/., 1991) Punjab (GUPTA 
& CHHABRA, 1990). Highest percentage of infection with Ascaris was reported 
in calves and heifers (SAHOO et ai, 1991; ROBERTS, 1993). 
The present finding on ascariasis in buffaloes is in complete agreement with 
these reports i.e. the buffaloes exhibit negative correlation between their age and 
Ascaris infection. 
Fascioliasis is a common disease of ruminants world wide, which takes a 
high toll of domestic animals and causes a great economic loss. The interesting 
aspect of present study of fascioliasis in buffaloes showed negative correlation in 
regard to age of the host. However, our findings differ from that of SUKHAPENSA 
et al, 1990) who has reported the positive correlation between the age of buffaloes 
and Fasciola infection. Both the present study and that of SUKHAPENSA et ai, 
(1990) differ from the reports of D'SOUZA et al., (1988) who have not been 
able to find any correlation between the age of the host and the Fasciola infection. 
The peak of infection immediately after first rain appears to be more sound 
due to increase in the populnlion of inlcrniedinle lio.sl of the lui.scioln. Larger the 
number of intermediate hosts, greater are the chances of infection. Indirectly the 
5 6 . 
degree of prevalence of infection depends on rain 
Faecal examination of buffaloes of diffeint age groups of Udaipur legioii 
have shown the prevalence of Strongyloides to be 14.33%. However the peak of 
Strongyloides infection was recorded in October - November and in April -June 
the infection becomes poorest. In remaining months of the year the percentage of 
infection remain almost unchanged. Strong)>loides infection in Haryana was lecorded 
to be 9.2% (GUPTA et al., 1985). which is almost half iix compaiisou to baffalocs 
of Udaipur region. In Punjab, the infection with Strongyloides was reported to be 
25.9% (GUPTA and CIIHABRA, 1990) which was much gicalci than that of 
Udaipur and Haryana. 
From the present study it is obvious that the younger animals are more 
susceptible to Strongyloides infection than the adults. The possible cause of higher 
infection in youngers may be attributed to their non exposure to any other kind of 
helminth infection. Adults on the contrary perhaps develop some immunity and 
hence the decreased rate of infection in them. 
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CHAPTER - III 
INTRODUCTION 
In our country, the epidemiology of cattle can be studied only by faecal 
examination as the cows in India are supposed to be sacred animals from religious 
point of view, hence their slaughtering is prohibited. 
The cattle in India like other ruminants run a risk of helminth infection due 
to lack of specific vaccine and proper management of pastures. Epidemic emergencies 
usually result in economic losses. The field investigations of Udaipur region were 
conducted to determine the outbreak and to guide control efforts. 
In India, epidemiology of helminthes in cattle has been studied extensively 
in South Andamans (PAL and BALKR1SHNAN,1987; RAO and DEORANl, 1988) 
Himachal Pradesh (KRISHNA et al., 1989) Karnataka (JAGANNATIl et al.. 
1988, 1989) (KULKARNI et al.. 1984), Haryana (GUPTA et al.. 1985) U.P. 
(VARMA et al., 1990) and Bihar (PRADHAN et al.. 1991). 
The prevalence of strongyles and its economics was reviewed by MILLER 
6 8 . 
(1984) from Central California, PROSI ei ai, (1985) from Australia, VALLE 
(1984) from Cuba, FABIYI et ai, (1986) from Queensland; VERCRUYSSE 
et ai, 1986, from Belgium; CARNEIRO et al., (1987) and OLIVEIRA (1988) 
from Brazil; AGYEL (1991) from Southern Ghanna, NDARATHl et al., (1989) 
from Africa, POGLAYEN et ai, (1990) from Italy. 
The literature on the prevalence of aniphistonie iiifcclioii in rinninanls has 
been reviewed from time to time (DUTT, 1980; GUPTA, 1993). Recently the 
prevalence of diverse paramphistonies i» rumiiiaiils (Von> difTcrenl stales of India is 
reported from Uttar Pradesh (VARMA et al.. 1989), Bihar (SAHAY , 1987 & 
SAHAY, etai, 1989), Kashmir (RAlNA et at.. 1987), Punjab (PATl and BALI, 
1986), Shillong (RAJ KHOVA, 1984), North Eastern Hills Region (INDIA, ICAR 
Research Complex, 1984). 
The prevalence of infection with Fasciola in different parts of India is 
carried out almost in every state viz. Bihar (PRADllAN e( al., 199 1), Mysore 
(JAGANNATH et al.. 1988 & 1989), Andaman- Nicobar (PAL and BALKRISHNAN 
1987, RAO & DEORANl, 1988), Himachal Pradesh (KRISHNA et al.. 1989), 
Kashmir Valley (DHAR et al., 1988), Meghalaya (ROY and TANDON, 1992), 
Haryana (GUPTA et a/., 1986). In other parts of the world the study of fasciolosis 
has been done in Japan (DAKE, 1985; TOMISHITA ef al.. 1990), North America 
(MALONE, 1986), Pakistan (MALIK, 1984; BILQEES, 1988; KHAN, et al.. 
1991), Egypt (SALEM et al.. 1990), France (MAZE, 1989). 
Epidemiology and control of ascariasis was discussed in India (PANDEY 
et al. 1985) and also in different parts of world specially in Pakistan (MASUD 
et al. 1984; CHAUDHARI et al.. 1984), (SERGIEV et al. 1990), Korea 
(SEO, 1990). 
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Literature is silent on the prevalence of infection in cows with helminths in 
Rajasthan. The intent of the present study therefore is to survey the prevalence of 
diverse helminths in the livestock of Udaipur region. I'he animals surveyed were 
grouped in three categories viz. Bull, Cow and Cow Calf 
Prevalence of Amphistonies 
Pattern of presence of amphistome eggs was found almost parallel to Ascaris. 
The percentage of infection with amphistonies was found to be more in cows i.e. 
7.76%, 7.80% and 7.45% than the bulls 6.37%, 7.76% and 6.91% in 1990, 1991 
and 1992 respectively. However, the difference in prevalence of infection of Ascaris 
was not significant. The peak season for the presence of amphistome eggs in 
cows was found to be summer. The presence of aniphistomc eggs in faeces starts 
increasing after spring season and at peak in summer. It starts declining from the 
rainy season and became lowest in winter. Tiie incidence of infection remains 
lower in spring season too. 
The percent infection in cow calves was found to be 13.58%, 14.47% and 
14.85% in 1990,1991 and 1992 respectively, while in adults it went down to 
7.07%,7.73% and 7.18% in their respective years. These data clearly sliowcd 
negative correlations of age with percentage of infection of Ascaris in cows. 
Prevalence of strongyles 
The prevalence of strongyles in cows was noted to be 10.03% from 1990 
to 1992. In rainy and autumn seasons the incidence of strongyles was found to be 
maximum. It went down in winter season and occured rarely in summer season. 
Again from the end of summer season the increase in incidence was observed. 
However, highest percentage of infection was recorded in October in cows during 
1990 (25.93%). The percentage of infected bulls due to strongyles was found to 
7 0 . 
be 9.28%, 9.5% and 8.24% in> 1990, 1991 and 1992, simulteneously while 
ill cows its inrcctiun recorded lo be niiicii liigiicr (iiiiii bulls, hi cows the 
pcrceiiliigc was obscivcd lo be 1'1.13%, 15.05% and 1 1.70% in the respeclivc 
three years of study. 
Agewise analysis of the data revealed that the percent infection in 
relation to strongyles in cow calves were 7.57%, 5.79% and 6.22% in 1990, 1991 
and 1992 respectively- In CQm\)arison to cow calves, the adult cows (male 
and female both) showed 11.71%, 12.28% and 9.97% simultaneously for three 
years. Thus the strongyles were obviously positively correlated with percentage 
of infection. 
Prevalence of Ascaris 
The Ascaris (Neoascaris vituloruni) was also found in the cows of Udaipur 
district. The incidence of infection was found to be 12.38% in Udaipur during the 
three years of study. 
The peak period of ascariasis in cows was different from other hclminthcs. 
In summer season, the Ascaris eggs were found maximum in faecal samples of 
cows. The prevalence decreased in rainy season but gradually increased in autumn 
season. Again the prevalence decreased and reached to minimum in winter season. 
Sexwise, the prevalence was recorded slightly more in cows (8.59%, 11.56% 
and 11.70% in 1990, 1991 and 1992 respectively) than in bulls (7.43%, 8.44% 
and 9.31% during three years of observations). Agewise prevalence was again 
fotmd to be positively correlated, as in calves its incidence was 15.67%, 16.05% 
and 16.76% ; which was higher than its prevalence in adult which was 8.01%, 
10% and 10.51% respectively in 1990, 1991 and 1992. 
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Prevalence of Fasciola 
The percentage of incidence of Fasciola was somcvvlial similar to tlial of 
Ascarls infection. 'I'lic overall pcrccnlagc of ini'cclion in cows with /•dscio/a was 
found to be 12.2%. Examination of individual cases of bulls and cows however 
revealed slightly higher percentages in cows than in bulls during 1990 and 1992, 
while lower percentage of Fasciola was observed in cows during 1991. The 
percentages of bulls was found to be 9.28%, 10.03% and 9.57% while the 
percentage of cows was found to be 11.4%, 9.41% and 10.37% in 1990, 1991 
and 1992. 
In cow calves, the percentage of Fasciola infection was 17.49%, 15.79% 
and 16.49%, while the adults (including male and feuuUe both) had shown 10.34%, 
9.72% and 9.97% respectively. Thus in case of Fasciola a negative correlation of 
infection with age exists. 
Seasonwise analysis of data of Fasciola infection in bulls, cows and cow 
calves showed its highest peak in July - September i.e. in rainy season. 
The infection went on decreasing from autumn season. However in cow calves 
(1991) a second smaller peak was observed in December. Summer season 
showed very poor prevalence. In addition to maximum prevalence in rainy season, 
remarkable prevalence was seen during February 1990, December - January of 
1991 and 1992. 
Prevalence of Strongyloides 
Pattern of infection in Strongyloides was found parallel to Fasciola. 
Sexwise no difference in the Strongyloides infection was found between bulls 
and cows as in bulls the infection was noted to be 11.94%, 12.40% and 
13.56% in comparison to cows having percentage. 12.19%, 12.1% and 12.5% in 
7 2 , 
1990, 1991 and 1992 respectively. 
Agewise, in case of adults the incidence was 12.07%, 12.25% and 13.03% 
while in calves the percentage was 18.28%, 20.55% and 19.46% respectively in 
three years of survey. These differences in percentages between calves and adults 
revealed negative correlations of Strongyloides with respect to age of cows. 
Rainy and autumn seasons were observed to be most favourable for the 
Strongyloides infection, whereas summer and spring seasons appeared comparatively 
less suitable, in cows of all the age groups. The effect of winter season was not 
.found to be uniform for three years as in 1990, Strongyloides had low incidence 
while their incidence was higher in winter of 1991 and 1992. 
DISCUSSION 
From the histograms and statistical analysis it is obvious that high 
incidence of helminth infection (60.12%) occurred in cows of Udaipur region during 
1990 to 1992. 
The incidence of infection in cows was reported to be 55.8% in Haryana 
(GUPTA, YADAV and GHOSH, 1985). In Ranchi the infection was still higher 
61.6% (PRADHAN et ai, 1991) while the cattle of Kamataka had lowest infection 
i.e. 36.25% (JAGANNATH et ai, 1989). The variation in the prevalence of infection 
in various states of India therefore differs due to different climatic and hygienic 
conditions. The rate of infection of Udaipur region resembles with report of Assam 
66.15% (BORKAKOTY et al., 1984). The resemblance in ihc pattern of infection 
in cows of these two widely apart states may be due to similarity in terrain and 
climatic conditions. The cows of Udaipur region have lower infection rate than 
Haryana due to difference m terrain. 
It appears from observation tables that strongyles were the most important 
parasites contributing to morbidity within the area. Review of literature clearly 
indicates that among helminthes the incidence of infection predominates with 
strongyles all over the world over viz. Kenya (OMARA OPYENE, 1985), in 
Guadeloupe it was 34.9% (SALES, et al. 1988), in Indonesia it was 7.8% (TARMUDJl 
et al. 1988) and in Colombia it was 82% (GRIFFITHS et al. 1986). Climatic 
conditions of Malaysia seemed to favour the highest strongyle development (92%) 
ill calves (CllANDRAWATIlANl and SANl, 1989). 
Our seasonwise findings resemble with POGLAYEN et al., (1990) of Italy 
who also found higher rates autumn for Strongyles than the spring rntcs. OLIVEIRA 
(1988) of Brazil was of different opinion. He noted favourable conditions for 
Haemonchus in spring followed by a shaip fall in early summer. From our obseivations 
it can be concluded that high temperature and low relative humidity prevent the 
survival oistrongyle parasites of cow. 
Our data showed positive correlation of infections with the age of cows. 
Our findings were in agreement with that of GUPTA et al., (1985) who also 
observed that adults were more siiceptible than calves towards infection of strongyles 
while in contrast CARNEIRO et al., (1987) observed favourable conditions of 
development of strongyles in younger animals than older ones. It may be due to 
the fact that younger animals generally do not go for grazing pasture. 
Prevalence of amphistomes 
Table no. 3 (a) clearly discern that cows of Udaipur region suffer 
with paramphistomes throughout the year. Prevalence was not related to the sex 
of the cows as in both sexes the percentage of infection was found to be almost 
the same. 
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In Bihar, the overall infection of paramphistomes in cows in two years 
was 49.43% and 58.39% whicli was much hiijiicr llian cows ol" Udaipur (9.17%). 
ASANJI orComcroon (1989) was of the opinion ihal prevalence of infection 
was generally higher in females than male hosts but the difference was not significant. 
KANG & KIM (1988) of Korea found that incidence also varied with sex 
[(67.6%) in females, (48.5%) in males]. The present survey suggests that prevalence 
of infection was not related to sex particularly in cows. Our findings lend support 
from that of OKAFOR etal., (1988). 
Age appears to play a <;igniricnM( role in (lie prevalence of infection with 
amphistomes. Prevalence was significantly higher in case of calves. In contrast 
OKAFOR et ai, of Nigeria (1988) and KANG of Korea (1988) noted the higher 
prevalence in animals >2 years old. However CAGNLATI et ol., of Italy (1985) 
found that paramphistomes were more common in adult than in young cows. 
Seasonwise prevalence showed the predominance of amphistome eggs during 
summer season followed by rainy season. The incidence of infection was lower in 
winter and spring season than in autumn. The annual report of ICAR (1984) for 
north eastern hills region indicate the highest prevalence of amphistomes from 
October to May and lowest during June, July and August. KANG (1988) noted 
two seasonal peaks in cattle of Korea, they were March-April and Septembei-
November. Prevalence was seen more in dry season (December-early March) than 
the wet season (late March-May) as reported by OKAl'OR et al. (1988). 
Due to different climatic conditions the report of prevalence of amphistomes 
in different states varies. In Bihar SAHAY et al., (1989) observed maximum 
incidence of infection during winter (57.2%) followed by monsoon (52.3%) spring 
(33.5%) and Summer (15.3%). 
VARMA et al., (1989) in U.P. found that prevalence increasect in 
rainy and post monsoon seasons and dccieasecl slightly in the winter and 
summer in cattle. 
Prevalence of Ascaris 
Ascariasis in cattle of Udaipur was almost similar to that of strongylcs 
and paramphistomes. Intensity o{ Ascaris of sap the energy of cattle resulting 
in much chronic mobidity and silently rclaiding development of eacli new 
generation Contrary to the monsoon and post monsoon picvalcncc of majority of 
helminthes /lif<7//.y infection readied al its i)eak duiing summer season i.e. 
May and June in cows of Udaipur. In Karnataka a similar incidence of 
ascariasis has been reported (JAGANNATIl ct al. 1989). KAO & DEORANl 
(1988) recorded 9.3% infection o{ Ascaris in cattle of Southern Andamans. 
i'his percentage was lower in comparison to the same type of infection in 
Udaipur region (11.72%). U.\^\tx Ascaris infection however observed in cattle of 
Haryana (GUPTA et al., 1985). 
In Pakistan having climate conditions similar to India, has the infection of 
Ascaris iu Cattle (MASUD and MAZID, 1984). Five years suwey on ascariasis in 
buffaloes and cow clavcs of Multan Division showed that 35.08% of the livestock 
was positive for it. 
Agewise, the Ascaris infection was found to be negatively correlated. In 
contrast the report from Karnataka does not resemble so for as correlation of age 
and infection is concerned. JAGANNATH ef al., (1988) revealed that parasites 
were most common in the 4-8 year age group and were less frequent in animals 
below one year of age. 
7 6 . 
Prevalence of Fasciola 
In cows of Udaipur, the Fasciola and Ascaris lias approximately same 
percentage of prevalence. ITI Ascaris it was 11.72% and that oi Fasciola is 10.52% 
in cows. Our fmdings resemble with that of CHERUIYOT (1983) in Kenya. Fairly 
high percentage of fascioliasis has been reported from Haryana (GUPTA et al., 
1986) with F. gigentica it was reported to be 39%. The cattle of Meghalaya also 
had very high prevalence (53.02%) in cattle (ROY & TANDON, 1992). 
In Pakistan, Zaire, Indonesia, Egypt and Thailand the fasciolosis caused n 
great loss to livestock, specially to cattle (MASUD and MAZID, 1984). 
Prevalence of Strongvloides 
In Udaipur region 14.14% of cows were found to be infected. Higher percentage 
(26%) of incidence was however observed in llimachal Pradesh 
(KRISHNA et al., 1989) Only 4% infection was observed in cattle of Bangladesh 
(MUKHAMMELUDDIN et al.. 1988) and 3.6% of cattle harboured parasites in 
Gudeloupe. 
Cows were badly affected by Strongyloides in many parts of the world. In 
Japan, its effect has been found to affect the cow calves deliterously TAIRA 
et a/.,(1991) reported sudden death of calves without clinical signs. On necropsy 
all showed heavy infection witli Strongyloides. 
Agewise, our fmdings of negative correlation of infection witli Strongyloides 
resemble with the fmdings of GUPTA et al., (1985), while GUZENOK (1987) of 
USSR could not be able to find it. Seasonwise again our survey results were 
found to be similar to that of Haryana as GUPTA et al., (1985) and also noted 
autumn season suitable for the incidence oi Strongyloides infection. 
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CHAPTER - IV 
INTRODUCTION 
The goats form a backbone of meat and milk industry, In developing 
countries like India, goat rearing has a bright future which needs better care 
and precautions from fatal diseases. The goats arc most useful animals world 
wide due to several undermentioned features wliicii warrant their epidemiological 
study : 
Goats are of small size in comparison to other ruminants and they 
acquire early maturity and small generation interval. Unlike cows and pigs 
the goats find place among all kind of world communities. Goat 's milk has 
resemblance with mothers milk and they provide meat of better quality in 
comparison to other domestic animals due to low fat contents. Similarly their 
faecal matter provides good manure for agriculture. 
Since goats cat poor quality forage and can easily be maintained in a 
small place, it is poor man's cow in India, The goat is also able to tolerate 
wide environmental fluctuations. 
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A comprehensive study on llic cpidcnuolopy of helminthic infection in 
small ruminants has been carried out in certain pockets of U.P. (YADAV, 
l<)K.|; RAO . t DI'OKANI. I'>KK) Ucni-nl (I.ODil rf ///, !«)«).») Oiissii (TRIMArilY 
et al, 1987) Maharashtra (RAOTE et al, 1987 ; MASKE et al, 1990) 
llaryana (GUPTA et al, 1988) Meghalaya (YADAV & I'ANDON, 1989) Himachal 
Pradesh (KRISHNA et al, 1989) and Rajasthan (KUMAR et al, 1989); 
PANDIT e /a / . , (1991); PANDEY et al., (1994). 
Epidemiology o{ Fasciola hepatica and F. gigentica in goats has drawn 
special attention both in India (DHAR et al, 1988 ; SHARMA et al, PANDIT 
et al, 1989 ; GILL et al, 1983; BHATIA et al, 1989) and other countries of 
world specially in Pakistan (AHMAD, 1984 ; BURIRO et al, 1984 ; MALIK, 
1984 ; ANWAR, 1984 ; MUGHAL, 1984; HAYAT, 1996) USSR (PULATOV 
, 1983), France (TILAHUNG, 1988) , Egypt (ED- AZAZY et al, 1990) Nepal 
(DHAKAL et al, 1988), Africa (MAINGI, et al, 1993). 
Similary the epidemiology of amphistomes in goats and sheeps has been 
investigated extensively in Gujral (PRAJAPATl cf al, 1982) in UP (UPADIIYAY 
et al, 1986), in Andhra Pradesh (HAFEEZ et al, 1987), in Punjab (GILL, 
1987), in Haryana (GUPTA et al, 1990) and in U.P. (VERMA et al. 1990) 
The literature is also rich regarding epidemiology of strongyles 
such as studied by different workers in Haryana (GUPTA et al, 1987 ; 
VASUDEVAN et al, 1986) Bhubneshawar (SAHOO & MISHRA, 1988) and 
Tamil Nadu (SANYAL, 1989). 
It has also been studied in Australia (DONALD et al, 1978); Nigeria 
(FAKAE, 1990), Kenya (WAMAE et al, 1990) France (MOUNPORT et al. 
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1990) Australia (ABBOTT ct al, 1991) and ANHNE e( al. (1994) :^^^" . 
Rare occiii'icncc of Ascnris has also hccii reported in gonts in 
Denmark (PEDCRSEN cl al, 1992). 
In spite of the rapid increase in the amount of literature on the helminth 
parasites, the importance of macro environment is often overlooked iu explaining 
the observed variation in infection. In this chapter seasonal fluctuations in 
prevalence of diverse helminthes has been discussed with reference to bucks, 
goats and kids. 
OBSERVATIONS 
A survey of facecal samples of goats was carried out over a period of 
3 years (1990 to 1992) coveriug ail the months, sexes and age groups which 
revealed the presence of different helminthes including trematodes, cestodes 
and nematodes. The eggs identified during this period were of :-
1. Trematodes 
2. Cestodes 
3. Nematodes 
1. Fasciola 
2. Amphistome 
I. Moniezia 
1. Hae/nonchns 
2. Oesophagostomum 
3. Tricosfrongy/us 
4. Trichuns 
5. Strongyloides 
9 0 . 
4408 faecnl samples of gonts were screened to observe liclmiiithic 
iiifcclioii out of which 3071 were found to be infected This works out to be 
an overall infection rate of 69.67% .The infection with Moniezio (cestode) 
was although present but was very rare hence it is not discussed in detail. 
SPECIES OBSERVED DURING SURVEY 
Nematodes - These are commonly known as round worms. They are 
more detrimental to goats as a number of varieties are infecting them. They 
do not require intermediate hosts, so their infection may occur at any lime of 
the year, when the conditions are favourable to them. These includes :-
7. Haemonchus (Wire worm or Twisted stomach worm) - Haemonchus 
was observed to be one of the prominent species among helminth parasites in 
goats. Its peak was observed in rainy season (fig. 4.4 to 4.6) which declines 
in autumn season. Its prevalence decreases till summer season 
On comparing the incidence of infection in bucks and goats, it was 
found that the infection decreased to 14.29% in bucks as compared to goats 
(18.19%). 
The agewise comparison indicates the prevalence was more in adults 
(16.24%) than kids (13.64%) 
2. Trichuris (Whipworm) - This species was found to be highly specific 
to goats as these parasites were not observed in large ruminants. Similar to 
Haemonchus this species is also predominating over others in Udaipur region. 
Its prevalence was observed to be 14.93% in 1990, 15.97% in 1991 and 
15.92% in 1992. Its peak of prevalence was recorded to be in winter season 
and least in summer season.(fig 4.1 - 4.3) 
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In goats, the mcidence of infections was noticed lower than that of 
Itcioku. Tlio iioiueiilitgo ol" goHis weie l3.73'Ju , IJ. 'l3% iiiul lO.UJ'Jo In tlie 
lliroo coiiscculivu yours of sluily while 18.52% 22.01% tiiid 21.79% in buck 
during the same years. 
The kids although having low percentage than adults show clearly its 
peak in December -January in all the three years. A second smaller peak has 
been observed in kids in July- August. The percentage 'of kids was found to 
be 14.93% 15.97% and 15.92% respectively during three years study. 
3. Oesophagostomum (Nodular worm) - The prevalence of Oesophagosfomian 
although seen throughout the year in goats, but was more frequently found 
during rainy season. In October and November, the prevalence goes down. It 
slightly increased in December-January but again declined & reached its lowest 
in summer season, however some varation in prevalence has been observed in 
each year. The percentage of Oesophagostomum in bucks was 13.17% in 1990, 
5.34% in 1991 and 12.85% in 1992, while in goats it was 18.77% in 1990, 
15.34% in 1991 14.12% in 1992 The kids showed lower percentage 9.94% 
,10.37% and 9.93% in 1990, 1991 & 1992 respectively. It means positive 
correlations exists between prevalence of Oesophago^stomum and age of goats. 
The overall prevalence oi Oesophogostomnm was recorded to be 11.98% out 
of 4408 screened goats. 
4. Trichostrongylus - Three years study of goats showed that 4.44% 
h 
goats were infected with Tricostrongylus. The prevalence of Trichostrongylus 
was lowest among that nematodes. 
The highest prevalence of Trichostrongylus has been observed during 
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winter season and lowest in summer season. As the rainy season begins^ the 
incidcauc oi' iiileclion iiicreused in iiiiiubei. From spring season, the gradual 
decrease in incidences start (fig 4.10 - 4.12). 
No relationship was noted between morbidity (due to Trichostrongylus) 
and sex as in bucks, in 1990 the percentage was 4.94%, in 1991 it was 4.49% 
and in 1992 it was 5.45% while in goats the percentage was 5.93% iu 1990, 
4.17% in 1991 and 4.39% in 1992. 
Adult had more infection than kids The adult (male aud female both 
were taken into account) showed 5.44% in 1990, 4.33% in 1991 and 4.92% 
in 1992 while the kids showed 4.02% 3.73% and 2.84% in the three years 
respectively. This clearly showed the positive correlation between age and 
incidence of infection. 
5. Strongyloides 
The percentage of Strongyloides infection in goats has been observed 
to be 6.06% for the three years i.e. from January 1990 to December 1992. 
The copraculture. indicated that Strongyloides predominated in rainy 
season and veiy low-level were encountered in spring and summer s&asons. In 
addition to predominence in rainy season, (fig. 4.13 to 4.15) autumn season 
also showed a remarkable degree of infection of Strongyloides in goats. From 
autumn a gradual drop in the level of prevalance occured and became least 
from March to June, but in 1990, slightly more prevalenc has been observed 
in May-June. From July onwards again increased in the infection level has 
been observed till the peak was reached in July. 
The females showed a clearly more infection percentage tlwin the male 
m^ 
goats (bucks). The goats showed 5-93% in 1990, 5.49% in 1991 and 6.49% 
ia 1992, while bucks showed 4.73% in 1990, 4.49% in 1991 and 4.45% in 
1992. 
A high level of infection has been observed in kids in all the three 
years of study. The overall percentage of Strongyloides during three years in 
kids has been recorded to be 7.67%. This percentage was higher in comparison 
to adults (5.26%). Thus it points out towards negative correlation among 
prevalence of Strongyloides and age of the host. 
Trematodes : These are commonly known as flukes. They infect the 
livestock and causes a great loss to milk and meat industry. Two categories 
of trematodes were observed. 
1. Fasciola (Liver-fluke) 
The overall prevalence of Fasciola in the 4408 goats was recorded to 
be 7 . 5 7 % . 
From the fig. (4.16-4.18), it is clear that winter season was the season 
of high risk for fascioliasis. The incidences of Fasciola were lowest in summer 
season. In general, there was progressive increase in prevalence from July till 
December-January which represent monsoon and post monsoon seasons. After 
February there was a sharp decline and it goes on declining till May-June. 
Fascioliasis is responsible for high morbidity in kids, although Fasciola 
eggs were detected in all age groups, in kids, the prevalancc observed was 
11.65%, 9.75% and 9.93% during the three years of study while in adults the 
percentage reduced to 6.97%, 5.56% and 5.84%. 
The incidence of Fasciola also differs sexwise. In goats the prevalence 
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was more. It was 7.77%, 6.63% and 6.68% and in bwcks 6.17%, 4.49% and 
5.501% in 1990, 91 and 92 respectively. 
2. Parampliistomcs (Runicm fluke) 
Studies on the sequential changes in the prevalance of amphistome 
eggs, revealed that 7.6% infection was present in goats during the three years 
of study. 
The prevalence was at peak from May to July. From August a decrease 
in prevalence level begins which goes on descending upto winter season. Froni 
spring season again progressive increase in role of prevalence has been noticed, 
(fig. 4.19 - 4.21) 
A high incidence has been observed in kids (9.69% in 1990, 10.47% in 
1991 and 10.45% in 1992) which declined with the advancing age in the 
goats. The prevalence of infection in adults was recorded to be 6.56%, 6.7%, 
7.09%, in 1990, 91 & 92. These results indicate negative correlation between 
the incidences of amphistomes and age of the host. 
A systematic survey on the prevalence of gastrointestinal amphistome 
was undertalPbi in both the sexes and observed that more goats have amphistomiasis 
in comparison to bucks as the percentage of prevalence in goats was 8.18%, 
8.90% & 7.63% and in bucks it was 4.94%, 4.49% & 6.54%. 
DISCUSSION 
The diilii weic iinalysed iiccuuling tu live seasons uf Udaipiii icgion. 
From the observations it is clear that among helminth Haemonchus infection 
predominates in goats of Udaipur region except in 1990. The infection starts 
increasing from June-July & reaches at its peak in July-August. In October 
95. 
the infection drops and the decrease substantially continues till the end of 
suiunicr. it iippcars that variation in rainiall and temperature in dilTrcnt mouths/ 
season is responsible for increase/decrease in the infection of Haemonchus. 
The development of egg or larva are in fact reoponsible for the spread of 
Haemonchus in diffrent seasons of the year. Our fmdings were in contrast of 
AKULIN & GOLOVKINA (1989) who found the predominance of infection 
during spring and suminer seasons. In support of our observations the intensity 
of infection was recorded to be highest from July to November in tlic goats 
of Haryana and Uttar Pradesh respectively (GUPTA et al., 1987; AHMAD 
et al., 1987). In South Africa McCULLOH et al. (1970) found that goats 
exposed to wet season, exhibit higher infection rate than the goats exposed 
to dry season. 
The percentage of infection of Haemonchus in Udaipur was found to 
be 10.24% in 1990, 17.97% in 1991 and 17-85% in 1992 in goats. 
In India, CHOPRA (1985) noticed 89.23% infection of Heamonchus. It 
was observed that the prevalence of gastrointestinal Haemonchus increased 
with age. Thus, it shows positive correlation that exists between prevalance 
rates of infection and age of goats. 
In our study the goats showed higher prevalence of Haemonchus than 
bucks. Similar studies were carried out in Iraq (ALKHA FAJI et al., 1994)which 
lend support to present observation. In contrast to our study GULLAND & 
FOX 1992) found higher preformance in males than females in U.K. 
The prevalence of Trichuris was found to be almost consistant in all 
the three years of observation begining from Junuary 1990. Prevalence of 
9 6 . 
infection with this nematode was highest in December & January and lowest 
in May - June of each year. The prevalence of infection appears to be directly 
proportional to the temperature. October & November are the post mnnsoon 
months and pasture turns green during these months. The infective larvae 
reach the host during grazing and thus make the infection rate highest after 
rainy season. Our observations showed 15.61% prevalence of Tnchuns in 
Goats of Udaipur region. Lower prevalence has been noted in different states, 
in Meghalaya the prevalence percentage was 3.5% (YADAV and TANDON 
1989) and in Uttar Pradesh (Bareilly) it was 8.6% (RAO and DEORANl, 
1988), while the higher percentage was seen at Maharastra 34.98% (RAOTE 
et al., 1987). 
Our observations lend support from those obtained from South Australia 
where Trichuris were limited to the higher rainfall areas and absent from the 
pastoral zone (BEVERIDGE et al., 1987). 
In our study, bucks showed higher prevalence of Trichuris than goats, 
while records of sexwise prevalences of Trichuris are lacking. 
Kids of Udaipur found to be less infected with Trichuris than adults 
i.e. positive correlation exist between age and prevalence of Trichuris in goats. 
In contrast to our observation, no relationship could be established between 
morbidity rates and age of goats in Taiwan (SU and LEE, 1986). 
It is interesting to note that Oesophagostomum was more prevalent in 
goats of Udaipur region during rainy season and reduces substantially during 
autunm and summer seasons. Similar observations were made by RAHMAN 
(1992) who conjectured that humid and tropical environment is condusive for 
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the development of Oesophagostomum spp. while no seasonal variation was 
observed in this spp. (AliMAU el al., 1987). 
The average percentage of infection with this species in goat was 11.98% 
which is much less in comparison to one recorded in (38.4%) in goats of 
Meghalaya (YADAV & TANDON, 1989). 
Sexwise the goats were more susceptible to infection than male counterparts. 
Decline is clear in prevalence of Oesophagostomum with the age. Thus the 
infection was more in adults than kids. 
The rarely prevalent species among helminthes in goats of Udaipur was 
Tnchostrongylus (4.44%) 
In other parts of India, infection level was observed to be higher. In 
South Andamans, 26.3% infection was found (RAO & DE0RAN1,1988). 50.20% 
infection in goats of Maharashtra (RAOTE et al, 1987). 
Our findings showed the peak occurence of Tnchostrongylus in post 
monsoon or winter season. Humid and tropical environment was found to be 
favourable for the development of various aspects of Trichostrongylid nematodes 
(RAHMAN, 1992). 
Kids have less infection than the adults, it means positive correlation 
exists between the prevalence of Trichostrogylus and age of the host. Our 
observation are in support to ORIPOV (1989) who also emphasized the fact 
that increase in prevalence of TrichoKfrongyhis takes place with age in sheeps. 
HORAK et al., (1991) was of the opinion that nematode burden increased 
erratically in the kids reaching the greatest number when they were one year 
old. In contrast ISLAM (1984) who observed its negative correlation with age. 
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The Strongyloides infection was observed to be poor (6.06%) in our 
routine survey for three years. In South Andamans its prevalence was higher 
i.e. 21.5%(RAO & DEORANI,1988). 
Our observation showed that the highest level of its prevalence has 
reached in rainy season, moderate in autumn season and lowest in the spring 
and summer seasons. In contrast to our observations made by RUSENV (1989) 
who noticed the highest prevalences and intensities in sheep were in spring 
and summer season although they were present throughout the year except in 
January. 
In contrast to Tnchostrongylus and Oesophagostonn/in the kids showed 
more prevalence of Stronglyloides infection than adults. Our observations are 
not in agreement with RUSENV (1989) who found that the prevalence declined 
with age to 4.6% in lambing ewes. ZURLISKI et al. (!990) also noticed that 
Stronglyloides present in 6 1 % of kids 97% of adults and 95% of goats more 
than 2 years old. 
In goats, the in incidences of infection of Strongyloides were more 
than bucks. There were little sources of information about correlations of sex 
and infection oiStrongyloides in goats. 
Fasciolosis is a very common disease occuring throughout the world, 
but its prevalence was not much higher in Udaipur region (7.57%). Fasciolosis 
is very common in Pakistan as prevalence reaches more than 50% (BURIRO 
et al., 1984; ANWAR 1984) and thus constitute a serious threat to dairy 
industry ultimately affecting human health. 
Winter season was observed to be favourable for the prevalence of 
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Fasciola. In contrast to our observations, its peak wa^ observed in spring 
season (MALIK, 1984 ) while our findings about seasonal variations oi Fasciola 
were supported by many scientists (HAYAT et al., 1986; BHATIA et ai, 1989; 
PANDIT et al.. 1989; KHALLAAYOUNE et al., 1991 ) who also observed 
its peak of prevalence in winter season. PACHAURI et al., (1988) , found 
August as a favourable month for its maximum prevalence. 
The fascioliosis is directly proportional to water logging of a place as 
the intermediate host, the Planorhis avaiLnble in water to complete its life 
cycle. As the water evaporates, recedes from water holes in summer the infection 
declines to great extent. It is therefore waterlogged nature of Sergodha division 
which favoued liver flukes ( M A L I K ; 1984). 
A negative correlation has been observed between prevalence oi' hoselola 
and age of goats. PACHAURI et al. (1988) revealed its highest 
incidence in goat > 9 months of age followed by those between 6 and 9 
months and those < 6 months. 
Sexwise, our findings resemble with PACHAURI et al. (1988) who 
also reported more prevalence in females (26. 79 %) than males (8. 47 %). 
In domestic ruminants, paramphistomiasis is very common . It is caused 
by immature Paramphtstomes. In goats, they are found in small intestine and 
rumen. The disease is observed not only in India but also in many other 
countries. Survey of Udaipur region revealed that 7.60% of goats were infected 
with Paramphistomes. The magnitude of infection was very high with the 
availability of Indoplanorbis, the intermediate host, the infection declines when 
it is not present in water. 
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Seasonwise variations has been observed in amphistome eggs. In our 
sUidy llic prevalence siiowed Us itiaxinuiin sireiij>tii in summer season. Again 
decline starts from autumn season to spring season. Upto autumn season, the 
eggs develop into immature parasites, sometimes visible in faeces also. Our 
findings are in support with that of VERM A et al. (1989) who reported the 
outbreak of paramphistomiasis in rainy and post monsoon seasons caused by 
immature amphistomes. During autumn months the goats are taken out for 
grazing and strolling. They generally assemble around drying up small ponds 
or banks of river which were previously innudiated with water. The snail 
population becomes dense and the surrounding grazing area bccoujcs heavily 
infected with metaercariae. By grazing upon the grass they ingest many metacercariae 
in a short period of time. Thus the disease is veiy common in the month thai 
follow the heavy rain. 
No sex relation was observed between prevalence of male and female 
goats. Our fmdings lend support from the investigation of OKAFOR (1988) 
who conjectured that the prevalence of amphistomes was not related to the 
sex of the animal. 
Kids show susceptibility to paramphistome infection. They show a prevalence 
rate of 10.20 %. Our observations resemble the view of HORAK (1991) who 
was also of the opinion that the adults goats are less infected than kids. This 
view is also supported by URQVHART (1990) who considered that hclminthinsis 
was more in young animals. ISLAM (1984) also reinforced this statement. 
From all these findings we can conclude that the invmunity develops as the 
goat grows older and it causes life long freedom from amphistomiasis. 
In goats of Udaipur, the highest prevalence of amphistome eggs has 
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been observed in summer seasou. Rate of infection starts increasing from 
.iiitunin and reached at its peak in winter caused by ininiatuic ainpliistonius. 
Infection began to decline in spring and became lowest in summer season. In 
this season mature amphislomes were observed . Our -findings resemble with 
those carried out in Jammu and Kashmir state which is a hilly region like 
Udaipur but with slightly different climatic conditions. 
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CHAPTER - V 
INTRODUCTION 
Molluscs are economically important animals. They are not only used 
to form decorative articles, ornaments and buttons but are also used in medicines, 
as edible lime, poultry feed to get more eggs etc. From the religious point of 
view they are significant too, for example, shell is supposed to be sacred and 
is blown in religious ceremonies as well as in temples. 
Among molluscs, snails are very significant as they definitely act as 
one of the intermediate hosts in the life cycle of digenetic trematodes responsible 
for various diseases in man and animals. In the two exceptional cases the first 
intermediate host is an annelid. The biology of digeneans was given by SEWELL 
(1922) which was reviewed by ERASMUS (1972) & AGRAWAL (1976). 
The comparative susceptibility of the snail hosts or the ability of 
the miracidiae to pick up a preferred host in a mixed collection of snail 
population appear to be based upon a chemotactic selection (KENDALL, 1964; 
EWERS 1964 & PRASAD; 1994). 
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The human population is increasing continuously, especially in developing 
couutries like ours and ensuring demands of energy and food. It resulted 
in an increased construction of dams and irrigation schemes in the tropics and 
subtropics. Such projects have resulted in considerable increase in the various, 
water related diseases (MADSEN AND FRANDSON, 1989) 
The fluke infection spreads when animal graze or drink water harbouring 
infected snails. They are the carriers of several diseases and epidemics in man 
and his domestic animals. 
Snails get infection quickly when the temperature rises. Slight higher 
increase in the temperature enhances the activity of miracidia and thus assisting 
the penetration in the snails (DEWITT, 1955). 
For tlie normal development of parasites, the snails should be mature 
and sufficient amount of food supply must be available to them. The number 
of cercariae are more if the snails are large in size. Although during aestivation 
the parasites survive but the stage of development of the trematodes was less 
advanced as to cause the disease. 
Several investigators have studied the prevalence and biology of disease 
disseminating snails in various states of India (SINGH, 1959; MUKHERJEE, 
1962, MURALEEDHARAN, 1975; MATHUR, 1982; CHAUDHRI et oL, 1982; 
-i 
MAJUMBDAR et ai, 1983; CHOUBISA and SHARMA, 1983,1986; RATHORE 
and BOHRA, 1987; CHOUBISA, 1991 and 1992; PRASAD et al.. 1994). 
The incidence, intensity and pathogenicity of various fluke caused diseases 
in different parts of the world is influenced by the molluscan intermediate 
hosts. As such most of the efforts including biological methods have been 
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directed lownrds llicir dcsliucCioii niitl llie |ircvcMru»n of (lie iiircclion. 
(BALI era / . , 1985; MADSEN, 1990). 
The seasonal distributiou of suails has been studied systematically iu 
Haryana (GUPTA et ai, 1987) and in Punjab (DUTT et al., 1980);.A compiehensive 
study on seasonal variation on cercarial fauna of trematodes have also been 
performed by several workers. (SINGH, 1959; MUKHERJEE, 1966; MOHANDAS, 
1974; PANDEY, 1978 & SALEM, 1993); However, complete information about 
the seasonwise incidence and bionomics of aquatic snails specially that of 
Rajasthan region is lacking. This information is necessary to devise control 
measures against helminth infection. Hence the present study deals with the 
seasonwise survey of different snail species that abound the water bodies of 
Udaipur and their larval digeneans. 
MATERIALS AND METHODS 
Collection of snails : 
The snails were collected from major water bodies in and around Udaipur 
from January 1992 to December 1992. Some snails were found to adhere on 
aquatic plants, few species were pelagic and others were submerged. The 
snails were picked up by pulling or picking them with hand. They were kept 
iu polythene bags with sonic mud. The snails were collected al least 15 to 20 
days every month. 
Maintenance of snails : 
The snails were brought to the laboratory where they were washed in 
running tap water and kept separately in small beakers. In laboratory the 
snails were fed with farex powder (baby cereal food). The water of each glass 
beaker was changed regularly to avoid coutamination. 
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Identification and counting of snails : 
I'he snails collected were idciuined on llic basis of inoipliologicn] 
cliiiructciislicN nccordiiig to Ihc key given hy I'ONAIM ( OKO) HIUI got aulheiuicaled 
iVoni Zoological Survey of India, Calcutta. The identified snails were counted 
species wise and the data was processed to yield monthly fluctuations in 
|)opulatioii dynamics. 
Emergence of cercaria : 
The beakers were kept under light source to stimulate the emergence 
of cercariae from infected snails. If the snails were found negative for trematode 
infection during a week, were discarded. The snails which released larval 
digeneans were kept carefully under observation. At times the snails were 
dissected to observe different developmental stages of larval trematodes. 
Fixation of cercaria : 
For fixation, the cercaria were squashed under a coverslip and its water 
was absorbed by absorbent paper. Formaline (1%) was poured under constant 
pressure to the side of coverslip. The cercariae were then washed, stained by 
inclhylcnc blue or nccloaluni carniinc. 'I'licsc cercariae were then identified 
according to key (Fig6>:^ given by CABLE (1949). The key is given below . 
1. Monostome 
1. TAIL 
2. EYE SPOTS 
3. LOCOMOTOR PROCESS 
Simple and slender. 
Usually present 
Pointed and at the posterior end 
of the body 
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4. SUCKERS Generally lacking one sucker 
2. Amphistome 
1. TAIL 
2. SUCKER 
3. EYE SPOTS 
Simple 
Two suckers with well developed 
posterior sucker 
Usually present 
3. Gymnocephalous : 
1. TAIL 
2. SUCKER 
Simple 
a) The mouth is surrounded by an oral sucker. 
b) The remaining sucker may be anywhere except 
at the posterior end of the body. 
3. No collar and spines. 
4. Echinostome : 
1. TAIL 
2. SUCKER : 
Sonic ccrciiriau iuivc very long inils with a 
width several times that of the body. 
a) The mouth is surrounded by an oral sucker. 
The oral sucker is surrounded by a very 
characteristic collar of spines which often 
are small. 
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5. Xiphidiocercaria : Smallest Cercariae 
I. TAIL Simple 
2. SUCKER 
3. CEPHALIC GLAND 
4. EYE SPOT 
a) The mouth is surroiiiuled by nn oral sucker. 
b) A boring spine or stylet set in the oral 
sucker and directed anteriorly. 
: Well developed, secrete substances which 
help in boring action of the stylet. 
Not found. 
6. Pleuroiophocercous : 
I. TAIL I. It is provided with a dorsoventral 
fin-fold which is difficult to see. 
2. It is set in a deep socket. 
3. In side view the tail is usually sigmoid 
in shape. 
Usually a minute ventral sucker which 
is easily overlooked. 
2. SUCKER 
3. These cercariae encyst in cold-blooded vertebrates. 
7. Cystocercous : 
These are of two distinct kinds 
1. TAIL I. In 1st type, a simple and often feebly 
motile tail present. 
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2. Body 
8. Furcocercous : 
1. TAIL 
2. SUCKER 
3. EYE SPOT 
2. In second type, a pair of flaps at the 
poslcriorciul of (he (nil, fonii nil cfTccdvc 
swimming organ. Tiicsc arc largest 
known cercariae. 
It is withdrawn or encysted at tiic base 
of tail. 
Forked 
Ventral sucker is usually present but 
may be absent. 
Some species have eye-spots. 
4. May have dorsal fin-fold on the body. 
5. Those having a pharynx are - holostonies. 
Those lacking a pharynx are - schistosomates. 
9. Microcercous 
1. Tail 
2. Stylets 
3. These cannot swim. 
10. Cercariaeum : 
1. TAIL 
1. Small or reduced. 
It may be knob-like and spined, conical 
and smooth, or cup-like and gladuiar. 
Some posses it, others do not. 
Lacking, so cannot swim, but crawl. 
1 2 3 . 
Pig . 6 : Various tTpes of c e r c a r i a CCABLB, 1949) 
@ 
^. ^ 
ss:-»> 
8 
1. Monostome. 
2. Amphistome. 
3. Gymnocephalous. 
4. Echinostome. 
5. Xipidiocercaria 
6. Pleurophocercous. 
7. Cystocercous. 
8. Furcocercous. 
9. Microcercous. 
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OBSERVATIONS 
Monthly survey of snails of Udaipur region was conducted for one 
year beginning from January 1992. During survey total number of 19416 
snails were collected which belonged to the following families : 
1. Lymnaeidae 
a) L. lutejola 
h) L. auricularia 
c) L. -acuminata^ 
2. Viviparidae 
a) F. bengalensis 
h) V. dissimlis. 
3. Melaniidae (Tiar idae) 
a) M tuberculata. 
b) Faunus ater. 
4. Planoribidae 
a) Planorbis (Indoplanorbis exustus) 
b) Anisus (Gyrulus convexiusculus) 
Behaviour of cercaria : 
The emergence of cercaria occured at irregular intervals. In the beginning 
shedding of cercariae was maximum while the number of cercariae went on 
reducing with increasing time span. A second smaller peak was found after 
the lapse of some time. This peak declines upto when the stage 'no cercaria' 
has reached. 
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Incidence of Lymnaea snails : 
o 
The Lymnoid snails are cosmopolitan in distribution. Its shell was thin 
and oval in shape. They were broader than long. It comprised of many species, 
thus providing good example, of allopatric hybridization. The following species 
oi Lymnaea were collected from Udaipur region. 
1. Lymnaea luteola 
2. L. auricularia 
3. L. acuminata 
Seasonwise analysis shows that L. luteola has its peak occurrence (23.%) 
in summer and spring season (Fig. 5.1 and 5.2), L. acuminata showed their 
peak (19%) in spring season (Fig. 5.1) while lowest incidence (9%) for 
L. auricularia was recorded in rainy season (Fig. 5.3). 
I n c i d e n c e of c e r c a r i a e from L y m n e a S a n i l s : 
Lymnaea were observed to be infected with following types of 
cereariae- Furcocercous, Echinostome, Gymnocelphalous, Amphistome and 
Xiphidiocercaria (Fig. 5.6). 
Furcocercous type of cercariae were found maximally in November 
(13.%) and to some extent in October (10%) and December (8%). In January 
(4%) the infection declines and the infection with furcocercous cercaria dies 
out completely in the month of February and no furcocercous emerged till 
September (Fig. 5.6). 
Echinostome cercariae showed their emergence and peak in October 
(10%). They started declining from November (1.99%) and completely vanished 
by the end of January (1.94%). Like furcocercous no echinostome cercariae 
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Generally the cercaria were shed by the snails during day time especially 
ill the inorniiig hours i.e. Clicy were pholoUopliic. The ceiciuin were seen 
coiicctitrnling towards the light source. If the light source was changed, accordingly 
the cercariae also migrated towards the changed position of the light source. 
The positively infected snails were examined carefully and the cercarial 
emerged were identified on the basis of their morphological characteristics (TONAPI, 
1980). The annual rainfall of the year 1992 wa.s 708 luin. The water is drained 
off into low-lying lakes, uncultivable land, ponds, ditches etc. which become 
important habitat of snails. A large quantity of Julkumbhi was present in water 
bodies which incidentally give shelter to the snails. As the ponds are perineal, the 
water is present in these sources throughout the year, the snails got enough moisture 
for their living and so the parasities flourished well. 
The results of the survey of snails is given in table 5 (a) which depicts 
the present incidence of aquatic snails. 
Table 5 (a) 
Percent incidence of snails in fresh water bodies of Udaipur region (1992) 
S.No Snails Species Summer 
1. Lymnaea luteola 
2. L. auricularia 
3. L. acuminata 
4. Vivipara.bengalensis 
5. V. dissimilis 
6. Indoplanorbis exustus 
7. Gyrulus convexiusculus 
8. Melanoides tuberculatus 
9. Faunus ater 
TOTAL 
23 
15 
13 
20 
8 
6 
13 
2 
-
100 
Rainy 
17 
9 
6 
17 
7 
37 
6 
3 
-
102 
Autumm 
18 
14 
5 
5 
4-
33 
17 
4 
-
100 
Winter 
16 
15 
12 
3 
3 
I 
41 
-
-
91 
Spring 
23 
14 
19 
7 
3 
2 
32 
-
I 
101 
Total 
97 
67 
55 
52 
25 
25 
109 
9 
I 
-
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were observed iij Lymnaea from February to September (Fig. 5.6). 
Gymnocephalous were most prevalent and found throughout the year. 
However, their percent incidence was found to be maximal both in Apirl (44%) 
and May (41%). 
Amphistome cercariae were prevalent during August and January while 
absent from February to July (Fig. 5.6). 
Xiphidiocercariae like gymnocephalous were observed throughout the 
year. They had their peak in the month of September (50%). 
Incidence of Vivipara snails : 
Two species of Vivipara were found in Udaipur region, V.bengalensis 
and V. dissimilis. Both the species exhibited two peaks of their occurrence, 
one in summer season (20%) and (8%) and another in rainy season (17% and 
7%) (Fig. 5.1 to 5.5). Whereas V. bengalensis has shown its lowest incidence 
in winter (3%) while the incidence of V. dissemilis decline to 3-4% after 
rainy season but maintains this level of incidence till the onset of next summer 
season. (Fig. 5.5). 
Incidence of cercariae from Vivipara snails : 
Two species of Vivipara were found in Udaipur region V. bengalensis 
and V. dissimilis. Both the species exhibited two peaks of their occurrence, 
one in summer season (20% and 8%) and another in rainy season (17% and 
8%) (Fig 5.1 to 5.5) whereas V. bengalensis has shown its lowest incidence 
in winter (3%) while the incidence of V. dissimilis decline to 3-4% after 
rainy season and maintains their level of incidence till the onset of next summer 
season (Fig. 5.5). 
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Three cercarial types were observed furcocercous, xiphidiocercaria and 
cchiiiuslonic (Fig. 5.7). 
l''tii'Coucrcoii!) coruiirin wns ob.survcd nui.\iiii»lly (6K%) in winter. Tiii.s 
type of cercarial infection goes on decreasing from March (50%) to June 
(7%). From July the iufection starts ascending (25%) and reaches at its peak 
in December (73%). 
Xiphidiocercariae showed two peaks, first peak in April/May and second 
in Oct/Nov. (36%). Ecliinostome cercariae emerged only in winter (4.95%) 
and spring (3.79%). 
In general, it was noted that infection was maximum during July/August 
and January/February. 
Incidence of Planorbid Snails : 
Two species of Planorbid snails were collected from Udaipur region 
Gyrulus convexiusculus and Indoplanorbis exustus, out of which the former 
showed higher percentage of incidence in 1992. 
G. convexiusculus was collected in abundance during winter season 
(41%). Subsequently their number went on declining viz. spring season (32%), 
autumn season (17%), summer season (13%) and least during rainy season 
(6%). 
The other species of snail of this family belonged to /. exustus. 
Its maximum prevalence was observed during rainy season (37%) and 
autumn seasons (33%). The remaining seasons were not found so favourable 
for these snails. 
129. 
Incidence of cercariae of PIanorbida« : 
Two types of cercariae, amphistome and furcocercus were recovered 
from G. convexiusculus snail, out of which amphistome cercariae exhibited 
higher percentage of infection over the furcocercus cercariae (fig. 5.8) 
The peak of incidence of furcocercus cercariae was observed in September 
(23%) while they were not seen during May, June and July. 
Ruminants get infected with amphistome cercariae that emerge from 
G. convexiusculus. Their maximum number was recovered from November to 
February (44%) while no infection with this cercarial type was seen during 
April, May and June. The cercariae again appear in large number from July 
(1.75%) onwards. 
Indoplanorbis exustus posses three type of cercariae, furcocercus 
and amphistome and echinostome type. First two types were common in 
both the planorbid snails while the third type of cercariae, the 
echinostome cercariae were observed with least incidence from November to 
January (Fig. 5) 
From April to July these snails had no infection. The prevalence of 
infection has been observed from August (23%), ascends through September 
(36.9%) to November (75.73%) and reached at its peak in December (95.08%). 
The incidence of infection has been seen declining from January (81%) to 
February (70%) and decreased maximally in March (6.52) and vanished completely 
in April (Fig. 5.9). 
Incidence of Melaniidae snails : 
The fourth commoly occurring snail family which was observed around 
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Udaipur was Melaniidae. From this family two species M. tuberculata and 
/•'. atcr were recovered. M. iiibcrciilata wiis iiol round during spring nnd 
winter season while this snail species was visible during summer season (2%) 
and went on increasing in rainy season (3%) and reached at the peak during 
autumn season (4%) (Fig. 5.2, 5.3 & 5.4). The other species of this family 
was Faunus ater, which was rare in occurrence. It was found in winter (3%) 
and-spring season (1%) only. 
Incidence of cercariae of Meianoid snails : 
Two types of cercariae were observed in Meianoid snails - gymnocephalous 
and monostome. The gymnocephalous cercariae showed its peak in September 
(31%) while monostome cercariae exhibited the peak during May-June (34%) 
Spring, rainy and winter seasons were devoid of cercariae. 
In F. ater only furcocci^us cercariae have been observed in spring 
season (1%). 
D o u b l e i n f e c t i o n . 
Lymnea auricularia, L. acuminata, M. tuberculata and /. exustus were 
found to be infected at several occasions with two different species of cercariae 
as shown in the following table : 
S. No. Snail species Cercar ia l types 
1. Lymnaea spp. 1. Furcocercous+-Xiphidiocercariae 
2. Echinostome + Xiphidiocercariae 
3. Gymnocephalous + Xiphidiocercariae 
2. / . exustus 1. Amphistome + Xiphidiocercariae 
3. M tuberculata 1.Monostome + Gymnocephalous cercariae 
1 3 1 . 
DISCUSSION 
The results of t t e survey of snails from the water bodies of Udaipur 
region clearly indicated the variation in their incidence in different seasons. 
Based on the climatic conditions such as temperature, rainfall and humidity, 
five seasons in the year were clearly identified. Snails species present in the 
water bodies of Udaipur exhibit fluctuations in their incidence round the year 
according to seasons. Out of nine species that occurred in Udaipur region 
M. tuberculata occurs in autumn, summer and rainy seasons whereas F. ater 
was found in spring and winter seasons only. The remaining species of snails 
collected from various reservoirs of Udaipur region were found throughout 
the year. Their occurrence round the year could be attributed to the flooding 
of their habitats, seepage and/or overflow of canals during rainy season. This 
conjucture lends support from the findings of GUPTA et ol., (1987) who has 
suggested that if the habitats of snail remains wet or flooded, in extreme 
temperatures during summer (mean maximum 42"C and winter mean minimum 
6"C) had little ill effect on their persistence and perpetuation. However these 
observations were not in agreement with results of CHOUDHRI et al., (1982). 
Even the present survey failed to collect M. tuberculata and F. ater throughout 
the year. 
The incidence of /. exustus, Vivipara spp. and F. ater was lowest or 
totally absent during winter season. The rare occurrence of /. exustus and 
Vivipara spp. in their natural habitats during winter clearly indicates that 
these snail species undergone hibernation from November to January. Even 
laboratory experiments conducted on /. exustus confirmed that these snails 
hibernated during winter and early spring but not L. hitcola and L. mincularia 
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(DUTT & BALI, 1980). North Indian slates such as Punjab, llaryana, Jlajasthan 
and U.P have almost same climatic conditions round the year. As such the 
snail fauna of the states exhibited similaiity to large extent. Lyniiiea liiteola 
was observed throughout the year in Haryana state and maximum snails were 
reported to be obtained (50%) in May (GUPTA et al., 1987). In Punjab also 
this snail is found throughout the year (DUTT & BALI, 1980). In Udaipur, 
the peak season for L. lueola was in accordance with that of Ilntyann but nt 
Udaipur in addition to summer, spring season was also found to be equally 
favourable. 
In Haryana, L acuminata was recovered from January to May and its 
peak incidence was observed in February . However, our observations 
discern spring season, highly favourable and optimum for these snails. 
Lymnea auricularia showed lowest percent (9%) incidence for their 
occurrence during rainy season. Snails were reported from Punjab throughout 
the year in fairly large number except May and December whereas these 
snails types were collected from Udaipur throughout the year, however, 
seasonal fluctuations were observed as is evident from figures (5.1 to 5.5). 
From high incidence during summer it could be inferred that these snails were 
capable of resisting summer conditions of Udaipur region. The percent incidence 
of the species of Vivipara was negligible during winter. It appears that during 
winter when temperature has gone down population of Vivipara was decimated 
due to hibernation. The reproduction process was initiated again by 
hibernated snails from late April, then reached its peak in June and run almost 
moderate during rainy season. 
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/ exustus was found maximally in rainy season (37%). It was found 
during July to October and highest in August and September in Haryana (GUPTA 
et al., 1987) Slight difference has been observed from June to November. 
The prevalence was least during December, April and May (DUTT et al., 
1980). Its incidence slightly decreases during autumn while winter, summer 
and spring seasons have shown their rare occurrence. This may be due to the 
fact that the breeding period of these snails was last week of March or first 
week of April, during April we got smaller sized / exustus snails. 
Gyrulus convexiusculus was an exception in that it was found maximally 
in winter season. Its incidence goes down in spring followed by summer and 
least in rainy season. Its prevalence graded up in autumn season. Our findings 
resemble with the same species from Haryana as its prevalence was seen more 
from December to March (GUPTA et al., 1987) while in contrast, in Punjab 
these snails occurred throughout the year in fairly large numbers, except in 
March and November. These differences may be due to variations in local 
microclimatic conditions. 
M. tuberculatus, a member of Melaniidae family has shown highest 
incidence in May and June in Haryana (CHOUDHRl et al., 1982). However, 
these findings were contradicted from other investigator from the same place 
(GUPTA et al., 1987) due to annual variation in climate. Present investigations 
are in agreement with the observations of GUPTA et al., (1987). 
The rarely occurring snail F. ater in Udaipur has been observed in 
spring season only. In the rest of the seasons these snails could not be recovered. 
This observation is not in accordance with the previous reports of CHOUBISA 
(1984). 
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Turning to cercafial fauna of the snails surveyed, the study clearly 
reveals the high incidence of amphistome cercariae (highest peak) in December 
from /. exustus and G. convexiusculus and in January from Lymnae spp. Amongest 
these three species / exustus exhibited as high as 8 1 % were found positive 
for amphistome cercariae, undoubtedly establishmg Indoplanorbis as most preferred 
vector. The peak of amphistome cercariae is in October/November infact the 
ruminates; The amphestome cercariae were not observed in M. tuberculata, 
F. ater or in Vivipara spp. The present observations arc in agreement with 
result of CHOUBISA (1985). Slight variation in the intensity of incidence has 
been observed in the region of Punjab and llaryana in these snail (DUTT & 
BALI, 1980: GUPTA g/a/ . , 1987). 
Furcocercus cercariae were observed in all the species of Udaipur region 
except M. tuberculata. Interestingly high incidence of furcocercus cercariae 
is different in diverse snail species. It appears that their occurrence in large 
number is not much effected by climatic conditions but is rather determined 
by the snail host's internal millieu. However, The percent incidence of these 
cercariae was highest in Vivipara in comparison to the rest of snail species 
surveyed. 
Echinostome cercariae were of rare occurrence. Nevertheless, they have 
been reported to occur in all the species of Lymnaea and /. exustus of Udaipur 
regions. 
This observation was in partial agreement to those recorded earlier in 
different regions of India in Lymnaea snails and Indoplanorbis. These observations 
were at variance from the results of CHOUBISA (1985) who has observed its 
135. 
peak in February in Southern Rajasthan instead of October in Lymnaea. These;, 
ccrcariae were observed maximally from December to February in Vivipara 
spp. and November in /. exustus which after undergoing proper incubation 
and migration appeared in the rumen and established patent infection in livestock 
from April to August. 
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CHAPTER - VI 
INTRODUCTION 
The enviroument iucludes location, climate and husbandry. Special attention 
has been paid to weather variables of disease in livestock. These variables arc 
found to be necessary elements in the definition of every epidemiologic measure 
and is a basic component of the concept of cause, it is the first and perhaps the 
oldest concept in the disease occurrence. 
During the life cycle, the parasites have to pass through a series of different 
environments including the body of the invertebrate and vertebrate hosts. They 
also traverse macroenvironraents ( comprises of normal components of weather 
like temperature, himiiddy, annual raiu&ll and photoperiodisra of vast area); microenvironments 
( comprises o fc l i iunlu oPii sinnll (lerined pliico like only a tow squnio cuiUiiiiutors), 
and mesoenvironments ( comprises of field in which the animals actually live). 
Rapid development of industries and civilization have resulted in an increased 
environmental pollution, which may influence the mesoenvironment . It may also 
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affect the immunization power of the host. Disease may be limited geographically 
for a variety of reasons , many of which relate to forces that act upon the host, 
vector or agent of disease . Geographic features such as rivers, lakes and mountains 
can also serve to restrict the spread of disease. 
'Climate' is an important determinant of many diseases. Adverse weather 
may affect the management and care of animals, stress the animal diicctly oi 
provide conditions suitable for survival of microrganisms and parasites on their 
vectors. Unfortunately, the affect of weather could not be depicted vastly, reason 
for this include its components are often very indirect determinants of disease, 
ll may have mutiple eflects, because there are a large number of weather components 
and it is difficult to seperate the effects of various weather components. 
One of the most important influence on the survival of helminth laivae is the 
temperature. Different species of parasites occupy the same ecological niche in 
different climatic conditions. Humidity may also be an important factor in the 
spread of helminthes. It depends not only on rainfall but also on the amount of 
moisture which remains in the soil. Rainfall can also affect the hel minthiasis as the 
rain affect the snail populations, in which the parasite spends part of its life -
cycle. All the three factors may combine to produce large parasitic populations in 
hosts. 
Originally forecasting the incidence of parasitic gastroenteritis in lambs was 
developed in England and Wales (ROSS, 1970, and OLI.r.RRNSIlAW ct n/., 
1978) based solely on climatic conditions. Disease dynamics and the effects of 
different control strategies can be formulated using mathematical equations. These 
formulations are "modelling". The mathematical model has been developed as a 
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research tool to forecast accurately the prevalence of disease in any year in 
Norlhcrn Ireland. The developmcul of the model has been facilitated by the use of 
a computerised information retrieval system for on extensive integrated 
database of abattoir condemnation meteorological data (GOODALL et ai, 1991) 
in Moscow (GURIKHINA & GOROKHOV, 1991) in USA (DOBSON, 1989; 
JOHNSON et ai, 1991). 
In India, amphistomes of rumminants, particularly buffaloes, have started 
leceiving some attention. In two physico-chemically different microenvironments 
such as liver and rumen within the same host, water buffaloes seasonally niodulatcd 
reproductive cycle has been observed (HANNA et ai, 1988). Similarly the period 
of maximum egg production in amphistomes has ben seen to concide with maximal 
cercarial emergence (FIRASAUT & NIZAMI, 1987; NIZAMI & ABIDl, 1993). 
Previous mathematical and conceptional models have been reviewed to study 
nematode control (LEATHWICK, 1991; SMITH, 1994), wliile age-structured epidemiological 
model of internal helminth dynamics was developed (CHAN et at., 1994). 
A integrated information is needed to investigate the effect of environmental 
variables on the epidemiology of rumen parasites, crucial for veterinary science. 
The present study therefore, aims to contribute epidemiological investigations 
describing multiple ways, the weather variables of Udaipur region, exert their 
effect on prevalence of the helminth parasites in buffaloes. 
STATISTICAL METHODS 
Statistical tests were employed for assessing association and methods of 
sampling populations. Various parameters were used for representing our study. 
These are : 
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1. Correlation Coefficient (r) 
Pcaisun's Coircliitioii coeiriciciils has been used to Unci the sticnglli oftJie 
iissoeiiiioii bclwoeii iuc'ulciiec of iiireccioii of diverse lieliiiiiilli species ami wentlier 
variables. It is delBned as : 
Zxy- (Zx) (Z y)/N 
[ Zx2 - (Zx)2/N ] [Zy^ - (Zx)- /N] 
Where N is the nuuinber of paired observations. The value of correlation 
coefficient has been tested whether there is a cause and effect relationship or 
whether the association between the variables is merely coincidental (SEPETLIYEV, 
1968) . To test its significance Student's t-statistic has been calculated for each 
correlation coefficient and compared with the tabulated value of t at 5% and 1% 
level of significance, "t" is calculated by the following formula. 
t= r V[(N-2) / ( l - r2) ] with (N-2) degree of freedom 
Significant values of r at 1% and 5% are superscribed by **. and * 
respectively while the non-significant values are superscribed by*^ "*. 
2. Multiple Linear Regression analysis 
It was also performed to estimate the joint ell'eel of environmental components 
on incidence of infection by calculating. 
(i) Multiple correction cocfriciciit (K) : A mathematical model has also 
been worked out to find the best functional relationship between incidence of 
infection and weather variables. In other words, for assesment of the combined 
effect of more than one factors. The techniques used to build the model is Multiple 
Linear Regression Analysis. The variable 'incidence of infection' is a predictor 
1 5 0 
(dependent variable) of temperature (X,) humidity ( X J and rainfall (X^). The 
model can be expressed as 
Y= b , + b, X + b , x^ + b, X, 
The b forms are uukuowu parameters, (partial regression coefficients). The 
model assumes that there is a normal distribution of dependent variable for every 
combination of the values of independent variables. The values of the parameters 
were calcuted by using the following normal-equations : 
Zy = Nbj, + b, Ex, + b^ Ix^ + b. Ex, (i) 
I x , y = boEx, + b, Ix,2 +ZXj-^ + b, Sx, x2 + b I x , x, (ii) 
ZXj y = bp Zx, + b, Zx, x^  + b^ Zx^^ + b, Zx, x, (iii) 
Zx, y = b^EXj + b, Zx, x, + b, Zx^ x, + b, Zx, - (iv) 
(ii) Multiple determination coefficient (R^): To measure the association 
between dependent variable and the combined effect of independent variables of 
the model, R2 , coefficient of determiuator has been calculated by sequariug the 
coefficient of correlation between observed values of dependent variable and the 
predicted values of Y from the fitted model by the following formula : 
Z y ^ - ( Z y ) ( Z y ) / N 
R2 = 
( Z y ^ - ( Z y ) ^ / N } (Zy- - (Zy)-VN} 
Where Y and Y are the observed and predicted values of dependent 
variable. R^ is also tested by t-statistic for its significance. 
(iii) Beta-coefficients : Standardized partial regresion coefficients, labeled 
as Beta-coefficients have been also calculated by the following formula : 
1 5 ] 
BETA coefficient of X,= b, (Sx,/Sy) 
BETA coefficient of X^ = b^ (Sx^/Sy) 
and BETA coefficient of X, = b^ (Sx,/Sy) 
Beta-coeficients were also tested by t-statistic foi their significance. 
Beta-coeflBcients were calculated to asses the relative importance and contribution 
of weather variables (i e. independent variables) on incidence of infection of helminth 
parasites in buffaloes i.e. dependents variable) 
The interaction of factors was considered to lesult in an additive effect 
when the overall effect equals the some of the individual effects. The effect was 
either larger or smaller than additive. Thus, interactions may cause syncigism oi 
« 
antagonism in the overall effect. (WHO Technical Repoit Series, No 662, 1981). 
RESULTS AND DISCUSSION 
Correlation coefficient between weathei variables and incidence of infection 
of amphistomes (y,) were calculated foi buffaloes for each period under study 
It was observed that male buffaloes showed high significant relationship with 
temperature in all the three periods under study (1990, 1991 and 1992) Similariy 
female buffaloes and buffalo calves depict high relationship with temperature 
throughout the periods (Table 6.1) . On the other hand humidity and rainfall weie 
not significantly related with all the three categories of buffaloes. Therefoie, temperature 
was the only factor responsible for the incidence of infection with amphistomes. 
Furthermore, positive relationship with temperature indicates that higher the 
temperature, more will be the incidence of infection. 
Correlation coefficient provides a measure of the degree of association 
between incidence of infection of strongyles with the environmental variables viz. 
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temperature, humidity and rainfall. The data revealed that during the year 1990, in 
biilTnlo ciilfllio incidence orinfeclion with sliuiigylcs iiiiliciile non si^iiiricniil iclii(i()iisiii|) 
with weiilhcr variables wlici as in the icsl oftlic two ycais i.c 1991 and 1992, 
humidity and rainfall showed positive significant relationship (Table 6.2) The leason 
being the more rainfall during 1991 and 1992 over 1990. In both the sexs, humidity 
and rainfall played a significant role The result assert a positive association of 
these two environmental components with incidence of strongyles in buffaloes. In 
other words, the incidence of infection inciease piopoitionately with enhanced 
rainfall and humidity in buffaloes. In contrast, temperatuie showed negative association 
for incidence with strongyles, although it was not found lo be significant 
In ciuiiiiclcti/,ing the association between cnviionmental deienninanls with 
incidence of Ascaris, it was found that temperature was highly significant with 
respect to incidence of infection of Ascans (Table 6 3).This also showed positive 
association similar to that of amphistomes i.e. the temperature and incidence of 
Ascaris infection was found to be directly proportional to each other, while rainfall 
and humidity showed inversely proportional relationship with Ascans incidence in 
the categories of bufTaloes throughout the period of study. 
The correlation coefiBcient which is one of the consequence of the mathematical 
model between dependent variates {Y^ = Incidence of Fascio/a) and independent 
variates ( X,, X^ and X^ i.e. Environmental determinants) showed that humidity 
played a positive and significant role against Fasciola infection while lainfall showed 
higlily significant relationship with it (Table 6.4). Three years survey cleaily revealed 
that temperature did not play any role in stimulating incidence of Fasciola infection. 
To evaluate only one character at a time out of the three environmental 
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characters, correlation coefficients wjere calculated which revealed that humidity 
and rainlall usually found to he favourahle lor Sfroii^yloidi's infcclion. vSuch a 
relationship implyicd positive values i.e. incidence ol"Slroii};;yloi(h's enhanced with 
increase in rainfall and humidity while temperature.discerned negative values with 
its infection i.e. increase in temperature was accompanied by a decrease in incidence 
o{ Strongyloides infection (Table 6.5). 
If two variable are correlated with other, this may also be due to* each of 
them being correlated with a third variable or a set of variables. If the correlation 
between two variables decreases when others arc kept constant, it nicans that 
their association is due partly to the effect of later variables. If the partial correlation 
coefficient approaches zero, it may be concluded that the association is due entirely 
to this effect. An absence of statistical significance in the paii' correlation coefficients 
does not in itself prove that there is no association between the variables studied. 
Increasing the number of observation might establish the existence of an association 
(LAKIN, 1980). In contrast, when a partial correlation coefficient is greater 
than the corresponding pair correlation coefficient, this shows that the other 
variables have weakened the correlation, (KENDALL & STUART, 1961; OSIPOV 
& ANDREYEV, 1977). 
Multiple Linear Regression Model was fitted to assess the interaction of 
factors i.e. between incidence of infection of particular helminth parasite and 
three weather variables namely temperature ( X,).., humidity (X,) and rainfall ( X J 
for each period and for each category ofburriilo (Tnbic 6.6-6.10). The icinlion.sliip 
between dependent variable (mcidence of infection) and tlie joint affect of independent 
variables ( X^, X^ & X^ ) was studied by R^ fittuig the model and Beta coefficients. 
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The combined elTcct of environmental components on incidence ofinfcclion 
was studied with the help of B - coefficients derived from Multiple Regression 
Model. The results indicate that in the year 1990 for male buffaloes, the highest 
contribution was that of temperature in amphistomes ( Yj) , whereas the contribution 
(.88) of humidity and rainfall was observed .21 and .31 respectively.Similarly in 
the year 1991, highly significant contribution was observed with temperature (1.01), 
moderate contribution with rainfall (0.28) while least with humidity as for as incidence 
of infection with amphistomes was concerned. 
The result of the year 1992 resembles from above results. The maximum 
contribution (0.83) was that of temperature as compared to rainfall (0.22) and 
humidity (0.48) during the whole period of study (Table 6.5). In fcmnlc bulfnlocs 
the Multiple Linear Regression Model also revealed that temperature contributes 
(0.9! in 1990, 1.22 in 1991 and 0.70 in 1992) highly significant and positive 
relationship with amphistomes while no significant contribution was observed with 
humidity (0.35, 0.39 and 0.06 in 1990, 918 & 92 respectively) and rainfall (0.08, 
0.28 & 0.32 in the three years of study). The lowest contribution of ramfall (0.08) 
during 1990 might be due to low rains in this period. 
In a survey of buffalo calves, a Multiple Regression Analysis yielded a 
highly significant and positive relationship with temperature (1.01 in 1990, 0.71 in 
1991 and 0.97 in 1992), while the other two weather variables humidity and 
niinrnll showed no nfTcul on incidence ofinfcclion willi nniplii.';loino.>i a.": (heir viiluo.*; 
were found to be insignificant. The combined effcect between incidence of infection 
with amphistomes and the three environmental components was found to be higlily 
significant except in buffalo calves in 1991. 
1 5 5 . 
Multiple Linear Regression Model was fiUcil to study the incidence of strongyles 
and the tinee weather variables jointly. The model assumes that the elTect of 
humidity and rainfall is consistent for bolli (he sexes of buffaloes. It was noliccd lo 
be positively and hightly significant contributor for strongyles incidence. It clarly 
showed that moisture of soil and air induces the incidence of strongyle infection. 
The contribution of temperature was obsei-ved to be lowest and negatively correlated 
(Tab. 6.7). It could be assumed that increase in temperature was accompained 
with decrease in incidence while the incidence enhanced with increased humidity 
and rainfall. However, the buffaloe calves in 1990 has revealed non significant 
relationship of humidity and rainfall independently as well as overall strongyle 
infecion m buffaloes (R^ 0.35). 
A mathematical model in the study of epidemiology and control and ascariasis 
in man has been studied in detail (ANDERSON, 1985). The basic model of multiple 
regression analysis incorporated three meteorological variables to predict the expected 
prevalence of Ascaris in the subsequent years. The monthly prevalence ofAscans 
infection in the buffaloes was computed for the three years time series. Out of the 
three meteorlogical variables, temperature was found to be highly associated with 
Ascaris and the association was found to be positively related in all age groups 
and in both the sexes (Table 6.8). Thus the model predicted the degree of risk in 
the frequency of Ascaris (Y^), infection provided there was an increase in temperature. 
The model also predicted the contribution of the other two weather variables i.e. 
luiiuidity and niinrnll were roiiiul lo bu iicgiUivuly n.ssociiilod iiiui lutii .si^iiiriciiiK as 
for as incidence of Ascaris eggs in faecal samples of buffaloes was concerned. 
The overall effect was also found to be significant in all the categories of buffaloes. 
Tlie Regressive Multivariate Model was filled to predict the expected prevalence 
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of fascioliosis and the joint contribution of three weather variables on it. Maximum 
and significant contribution was found to be of rainfall, moderate with humidity and 
least with temperature in all the cases of buflalocs infected (Table 6.9) with Fosciola. 
The combined effect of the three environmental components was found to be 
significant at 5% level of significance. 
To find which of the weather variable (X,, X, &. X J is best contributory of 
predicting (Yj) incidence of Strongyloides in Multivariate Statistical Model 
was used. From the results, and in all age groups It was found to be positively 
significant with respect to incidence of Strotigyloides infection in buffaloes 
(Table 6.10). The contribution of temperature and rainfall was not found to be 
significant with respect to incidence oi Strongyloides infection. Consequently, 
infection was not dependent on these two environmental variables. It may be 
concluded that simultaneous exposer to all the three meteorological variables 
combinedly multiples their effects. The Strongyloides thus showing hightly 
significant correlation with environmental variables. 
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SUMMARY 
Investigations on the seasonal variation and effeci of various climatic factors 
independently and jointly on the hchnintli parasites has been undertaken witit a 
view to highlight the degree of risk from the particular helminthic disease to the 
livestock of Udaipur region. 
The present analysis on epidemiology illucidates the prevalence of diverse 
helminth infections m buffaloes, cows and goats of Udaipur region, based on their 
faecal examination. Post-mortem studies have also been done in buffaloes from 
1990 to 1992. The relationship between dependent variables (incidence of mfection 
of helminth parasites Y,, Y^ Y^) and the joint effect of independent variables 
(environmental components -- temperatureX,, humidity X^ and rainfall X,) was 
studied by fitting the model and Beta - coefficients. The survey of snail species 
was also conducted monthly throughout the year to correlate the incidence of. 
digenetic trematode infection in ruminants in different seasons of the year. 
Imumature and mature paramphistomes were collected from freshly slaughtered 
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buffaloes consistently for three years. The buffaloes were found to be infected 
with J^aramphisloniiim epicliluni, (Joslrothylax cnniiimjer, Orthocoeliuin scoliocoeliiim, 
Cotylophoron cotylophonwi and Calicophoron calicophoron species of aniphistonics. 
The amphistomes persisted in the host throughout the year and the average 62.9% 
infection was recorded for the year 1990, 65.42% for 1991 and 56.86% for the 
year 1992. However, the largest infection recorded in August and September of 
each year. The climatic conditions viz. temperature, humidity, rainfall and quantity 
of water in lakes and vegetation revealed that infection with amphistomes increased 
with the increase in snail fauna in lakes during rainy season. P. epiclitum and 
C. cotylophorum were found throughout the year and their incidence was found to 
be maximum in comparison to the remaining species of amphistomes. The infection 
in buffaloes with C. calicophoron was rarest ; whereas with 0. scoliocoeliuni it 
was lesser than P. epiclitum and C. cotylophonnn but more than Gaslrothylax 
crumenifer and Calicophoron calicophoron. Contrary to this, Gastrothylox occurred 
more frequently than Calicophoron but comparatively less than Orthocoeliiim. 
The prevalence of gastrointestinal helminthes in the buffaloes of Udaipur 
district was studied for three years continuously beginning from January 1990. The 
study was based on the examination of faecal samples. The faecal samples of 2954 
buffaloes and 1569 calves were screened for three years. The screening of samples 
revealed that buffaloes and calves had 54.44% and 68.64% infection respectively 
with diverse helminth species. 
The data showed a marked seasonal variation in prevalence of different 
helminth species infecting buffaloes. The most prevalent infection was found to be 
with amphistomes and strongyles. The incidence of amphistome eggs was recorded 
highest in summer season. The infection however declined subsequently and was 
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lowest in winter and spring seasons. The strongj^les showed peak prevalence in 
rainy season and gradually declined in autumn season. It declined in winter and 
became lowest in spring and summer seasons. 
Ascariasis appeared to follow the amphistomiasis. Ascariasis like amphistomiasis 
was also maximum in summer season, fairly high in rainy and least in the lest of the 
seasons. 
Fascioliasis was also not uncommon in buffaloes. However, it was less 
prevalent than that of amphistomes and strongyles. Its maximum incidence was 
recorded in rainy season. The number of infected animals decreased in autumn 
season and became lowest in winter and summer seasons. 
One of the prevalent species was Strongyloides. Its highest incidence was 
registered in autumn season, while decreased in winlci season. 
It may be inferred that amphistomes, Fosciola and Ascaris showed negative 
correlation while strongyles showed positive correlation to age of buffaloes. No 
correlation was observed in case oi Strongyloides as for as age of the buffaloes 
was concerned. 
Coprological survey was conducted on 3374 cows of Udaipur region of 
different age groups for three consecutive years begmning fiom Januaiy 1990 to 
December 1992. 50.09% of cows were found to be infected with the helminth 
parasites .The helminth eggs identified were similar to that of bufialoes. They were 
amphistomes, strongyles, Ascans, Fascio/a and Sfro/if^yloidcs type. 
Seasonal variation has been observed in these parasitic groups. Tlie maximum 
number of cows were found to be infected with strongyles and Strongyloides in 
rainy and autumn seasons, that of amphistomes and Ascans in winter season. 
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whereas for Fasciola it was in rainy season. 
Agewise study revealed that positive correlation with infection exists in 
stroiigylcs and Ascaris wliiJc amphistonics, Fasciola and Sfrongy/oic/es were found 
to be negatively correlated. 
Not only large ruminauts, but the small ruminants were also affected by the 
helminth parasites. The survey study was conducted on goats (Capra hircus) over 
a period of three years begining from 1990. The analysis of faecal samples revealed 
that the goats were infected with liver flukes, amphistomes, cestodes (Moniezia) 
and several species of nematodes from time to time. Out of 4408 faecal samples 
of goats, 3071 were found to be infected with various kinds of helminths. This 
means that about 67% of goats were infected with a variety of helminthes. The 
infection with Moniezia was negligible, however with Tnc/inns and llnenwnchus 
the infection was most frequent. The analysis of data revealed that infection of 
goats with a particular helminth species was either temperature or humidity and 
rainfall dependent. Seasonwise, the survey indicates that rainy season was found 
favourable for Haemonchus, Oesophagostoinuiii and Strongyloides, whereas low 
temperature was found to be suitable for Trichuris & Trichostrongylus, accordingly 
these species were on peak during winter season. Aniphistoine was only the species 
, which flourished in summer season and became lowest in winter season, in goats. 
Most of the helminth species were adversely affected during summer season, thus 
Trichuris, Oesophogostomum, Trichostrongylus. Strnnfiylauics and Fasciola 
have shown lowest prevalence rates, when the temperature was high. All the species 
were observed throughout the year. However, Trichostrongylus had lowest percentage 
of incidence (4.44%) , followed by Sirongyloides (6.06%). Fasciola (7.57%) 
amp^ist omes (7.6%) Oesophagostoniuni (11.98%) Haemonchus (15.35%) and 
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Trichuris (15.61%). 
Ill n survey, ooiuluctcd, l*)-H6 snails were collected IVoni water bodies of 
Udaipur region. These were identified as Lymnoe luteola, L. ouricularia. L. 
acuminata, Vivipara bengalensis, V. dissimilis, Indoplanorbis exustus, Gyrulus 
convexiusculus, Melanoides tuberculatus and Faunus ater. 
The observations clearly indicate the seasonal variations in the incidence of 
the snail species surveyed. The low incidence of F. ater indicates its poor adaptibility 
to agroclimatic conditions of Udaipur region as is evident from its occurrence only 
during spring. Indoplanorbis exustus and Vivipara bengalensis revealed high 
incidence in rauiy season whereas Lymnaea luteola, L. auricularia and V. dissimilis 
discern their peak incidence in summer. The highest incidence of Gyrulus convexius 
cuius was recorded in winter. M. tuberculatus was not found in winter and spring 
and in remaining seasons its percent incidence was comparatively poor. 
Like snails, their larval digeneans also revealed seasonal variations in their 
incidence. Amphistome cercarial fauna of/, exustus was found directly related to 
the severity of rumen amphistomes of the livestock of Udaipur region. Same was 
true for cercarial fauna of Lymnaea and Fasciola. Melanoides tuberculatus, 
although shed two types of cercariae with their double peak (May /June and Oct. / 
Nov.) were only recorded from M. tuberculatus. F. ater was peculiar molluscan 
host in the sense that it harborued only furcocercous cercariae that too in lowest 
percentage in comparison to the rest of the snails. However, incidence of furcocercous 
was quite moderate in remaining snails surveyed. Echinostome cercariae were of rare 
occurrence, however not host specific as it infects Lymnaea, Vivipara and Indoplanorbis. 
Results achieved by taking prognostic variables into account. Correlation 
Coefficient and Multiple Linear Regression Analysis has been performed between 
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incidence of infection with diverse helminth species and weather variable^eiz. 
Icmpeiature, humidity and rainiall. ll clearly indicates that in all the three years, 
the contribution of temperature was positively significant due to hicidence of amphistome 
and Ascaris eggs in buffaloes. Obviously, humidity and rainfall showed positive 
values in case of amphistomes while negative values in Ascaris, although their 
effect was found to be significant in both the groups of parasites. 
To assess the interaction of factors on helminlh parasites in bufTnlocs nuiltifactorial 
analysis has been performed which clearly discerns rainfall and humidity to be 
significant contributors for slrongylcs and Fasciola prevalence. Incidence of infection 
of strongyles was found to be inversely proportional to temperature while Fasciola 
exhibits directly proportional association with it in Bubalis bubalis. 
Incidence of Strongyloides eggs in faeces were asserted to have positive 
and highly significant association for humidity only. 
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